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No other real-time product delivers an 
integrated platform like LabVIEW" Real-Time. 

Don't spend time building every real-time system from scratch. Use National Instruments integrated 
solution for a flexible, high-quality test platform for designing and prototyping even the most 
demanding aerospace, avionics, automotive, and biomedical applications. Rapidly create custom 
systems that integrate a wide variety of measurement and automation devices including: 

High-speed analog I/O • Motion control • GPIB • Counter/timer I/O 

Digital I/O • Serial/RS-232 • CAN 



ni.com/info 


Call or visit ni.com/info and enter na6s04 
for your free Real-Time Product Guide. 
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We cannoi fully express our deepest sorrow to the victims 
and their families, our friends and associates, and to our 
fellow Americans for the infamous outrage to humanity. 


May the gcnocidists who masquerade as terrorists, as 
well as their supporters, he brought to justice swiftly. 


OMEGA • NEWPORT • OMEGADYNE • and ANALAB Families 
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C0 2 Laser Applications of the Month 


SYNRAD 


An Excel Technology Company 


A Drilling Plastic Nozzles with C0 2 Lasers 



250 & 100 micron hole sizes drilled 
with a Synrad 48-2 C0 2 laser with 20 
watts of power. 


Lasers excel at drilling small holes 
(<0.01 M in diameter). In fact, in most 
cases, the smaller the diameter, the bet- 
ter, down to a minimum size of about 
50 microns. These holes can be directly 
drilled in a range of materials without 
the need for trepanning, resulting in 
shorter drilling times and highlighting 
one of the unique characteristics of the 
laser - one laser and one focused spot 
diameter can produce a range of hole 
sizes. 

By using a burst or train of pulses, 
a precise amount of energy is delivered 
to the material. The final hole diameter 
will depend on the plastic’s inherent 
heating and wavelength absorption 
characteristics, as well as the gas pres- 


sure used, and size of the focused 
beam. The number of pulses, duration 
of the pulse, and pulse frequency also 
enter into the equation. Small diameter 
increases can be made by altering the 
pulse numbers, larger ones by chang- 
ing pulse duration and/or frequency. 
Changing the power is optional, and in 
many cases, the power input can be 
held at a constant value. 

The plastic nozzles in the photo to 
the left were drilled with a Synrad 
sealed C0 2 laser. The focused spot size 
of the laser was around 200 microns, 
but hole diameters ranged from 75 to 
over 300 microns. The use of addition- 
al pulse power can be used to enlarge 
the hole by conduction effects. 


A Laser Welding Stainless Steel Battery Contacts 


The fine control of the laser is once 
again highlighted in this welding appli- 
cation. The O.OT’-thick contact was 
welded to the main body with two spot 
welds. The spot welds provide excel- 
lent strength, while ensuring that the 
battery's internal components are not 
overheated during the process. In addi- 
tion, the weld only partially penetrates 
the underlying thickness, so that the 
battery casing remains sealed. 



Contacts welded with 
Synrad's 200W sealed C0 2 
laser. 



Close-up of two spot 
welds. 


A Laser Marking Quartz 


This piece of 0.01"-thick quartz 
needed to be marked with small 
alphanumeric characters. Because of 
the thin size of the test sample, prob- 
lems with heat build-up and cracking 
could have potentially affected the 
results of the application. However, by 
careful selection of laser parameters - 
not only speed and power, but resolu- 
tion, font and character spacing - a 
highly readable mark was produced. 



This quartz was marked with only 5 
watts of power at 15” per second. 
Actual character height is 0.04”. 


Discover more C0 2 laser applications! 
Sign up for our monthly online 
Applications Newsletter at 

www.synrad.com/signup 1 


All applications on this page were 
processed at Synrad's Applications 
Laboratory. Synrad , the worlds lead- 
ing manufacturer of sealed COi 
lasers, offers free process evaluations 
to companies with qualified applica- 
tions. Call 1-800-SYNRAD1 for more 
information. 


Synrad, Inc. 6500 Harbour Heights Parkway Mukilteo, WA 98275 USA 
tel 1.425.349.3500 • toll-free 1.800.SYNRAD1 • fax 1.425.485.4882 • e-mail synrad@synrad.com • WWW.synrad.com 
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In the world of CAD/CAM, 






Design through 
manufacturing with 
no stops 

VX® blows the doors off of 
CAD/CAM with a value-priced, 
design-through-manufacturing 
system so superior it leaves everything 
else in the dust. New VX Overdrive is so 
feature-rich, so fun to drive, what used 
to be roadblocks at every phase now 
become thrilling curves you can 
negotiate with ease. 


So easy to use 

VX Overdrive is loaded with flexibility to help you 
fly through even the toughest jobs. Unique surface 
creation tools let you blast through challenges at 
high speed. And its full integration from design 
through manufacturing means engineers can 
bring projects to market faster using a single, 
seamless system. With VX 

Overdrive, if you can imagine 
it, you can build it. 



we re changing the rules. 



that's fun to drive. 


I 


Premium performance 
without the premium price 

VX Overdrive comes fully loaded so you'll get the 
most bang for your buck of any system, plus the 
ability to import legacy data and 

the highest level of interoperability 
on the market (STEP, IGES and 
direct CAD translators). 


Take a test spin 

See for yourself how VX Overdrive is changing 
the rules. Contact us for a demo today. 


vm 


VX Shaping the future of CAD/CAM 1 

VX.COM 321-676-3222 
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anatomy of algor's now interface 

for Finite Element Analysis & Mechanical Simulation 


<4 | Built-in intelligence 
graphically indicates 
the need for additional 
data input 


2 Docking toolbars 
^ for quick access to 
the most common 
options 


Shortcut keyboard 
and mouse controls 


Includes right-click application, 
modification and removal of loads, 
constraints and finite element 
properties for linear and nonlinear 
stress, thermal, fluid flow and 
electric field analysis as well as 
dynamic mechanical simulation. 


Define load and constraint | 
sets within design 
scenarios for an efficient 
analysis workflow 


ftace-based load and 

constraint capabilities I 


Multiple view 
windows for any 
model version 

Right-click application, 
modification and removal of 
loads, constraints and finite 
element properties through 
context-sensitive menus that 
adapt to the active selection 
and analysis type 

Seamlessly works with 

(sits inside): 

• Autodesk Inventor 

• CADKEY 

• Mechanical Desktop 

• Pro/ENGINEER for 



Learn more about finite element modeling, 
mechanical simulation and finite element analysis 
tools within this new interface at 


For Free Info Circle No. 594 or Visit www.nasatech.com/594 


EASYINTERFACE.ALGOR.COM 


♦ RLE OR 


When Engineering Has to be Right 


US Phone: 1.412.967.2700 
Europe (UK): 44.1784.442.246 
Fax: 1.412.967.2781 
California: 1.714.564.0844 
easyinterface.algor.com 
. E-mail: easyinterface@algor.com 
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| Tree view of model parts 
" and associated FEA data 


HTML compiled help with 
robust indexing and search 
capabilities 


Windows-native input 
screens for all loads, 
constraints and FEA data 
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• Solid Edge 

• SolidWorks 
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PRODUCT OF THE MONTH 


Mathcad Client from MathSoft Engineeering 
& Education (Cambridge. MA) lets users share 
and collaborate on Mathcad-created content 
across organizations. 




ON THE COVER 



The Model 7090 optical switching card from 
Keithley Instruments of Cleveland. OH, 
enables optical, DC, and RF switching, all 
within one instrument. It lets manufacturers 
of optoelectronic devices automate their 
test applications by providing switching of 
an optical signal between several instru- 
ments, a single instrument among multiple 
devices, or a combination of both. Find 
more information on Keithley's card — and 
other new products and software — in New 
on the Market on page 62. 

(Image courtesy of Keithley Instruments) 
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If it’s vibration, pressure or shock, we measure it. 


Signal Conditioner for 
Piezoelectric/ISOTRON® 
Sensors - Model 133 

I* Multidlp^^^-Channel 
... Signal Conditioner 

; • Selectable Filter Options 
100 kHz Baft%ydth 


Exce 


EIMDEVCO 


San Juan Capistrano, CA 
www.endevco.com/4c2t 
applications@endevco.com 
800/982-6732 • 949/661-7231 fax 


Endevco’s products are used throughout the world - in aerospace, 
defense, automotive, test laboratories and jet engine test cells. We have 
signal conditioning to meet the needs of bench-top, single channel, < 
multi-channel computer controlled and even the newest technology ofl 
the IEEE- 145 1.4 Smart Sensors. So if you've got a challenge, call the 
dedicated people of Endevco. 


lOmm-Cube Triaxial 
Accelerometer - Model 45 

• Measures in all 3 axes 
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What can we do for you today? 
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In the White House for collection , 
removal and lock-up of sensitive data ... 


FLAWLESS IN ANY ENVIRONMENT 



THE MILITARY DEPENDS ON STORCASE DATA EXPRESS® 

removable drive enclosures for reliable performance. In addition to being used 
to collect low gravity acceleration measurements during NASA Space Shuttle 
missions. Data Express removable drive carriers are used in many military 
land, air and sea applications. From the simplest removable drive application to the most 
complex RAID enclosure implementation, StorCase has a solution to meet your unique 
storage requirements. Call a StorCase representative today at 
(800) 337-8421 to find out more about the Data Express — one 
of the toughest removables in any environment. 
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A Kingston Technology Company 
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V> Bell Microproducts CONSAN 
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b COMPUTER & 
|2 VIDEO SIGNALS 
■P ON A SINGLE 
SCREEN 

The SuperView 
Display Processor Offers 
Up to 10 Inputs in 
Real-time & Full Color 



Now you can display multiple live video and computer inputs 
on a single monitor or projector. With up to 10 simultaneous 
inputs, the SuperView™ processor offers a better alternative 
to videowalls and other arrays of monitors or projectors. 

The SuperView is easily installed and compatible with virtually 
all PCs and workstations. Functions can be controlled from 
the front panel or remotely via the RS-232 port. Optional 
software offers controls under Windows 95/98/NT. 


Designed for maximum flexibility, the SuperView system 
is an excellent solution for applications requiring large screen 
projection, remote video monitoring, command-and-control, 
simulation, teleconferencing and multimedia display. 


Resolution up 
to 1600 x 1200 

Computer and 
video inputs 

Independent scale, 
position & zoom 

RS-232 control 


Computer on 
video overlay 


Visit our web site http://www.rgb.com 

RGB SPECTRUM® 

A visual communications company"* 

950 Marina Village Parkway 
Alameda, California 94501 
Tel: (510) 814-7000 
Fax: (510) 814-7026 
E-mail:sales@ rgb.com 


For Free Info Circle No. 402 or 
10 Enter No. 402 at www.nasatech.com/rs 



• Tech Briefs 

www.nasatech.com 

Published by Associated Business Publications 

Publisher Joseph T. Pramberger 

Editor/Associate Publisher Linda L. Bell 

Editor, Market Focus Editions Robert Clark 

Associate Editor/Internet Editor Laura Raduta 

Production Manager Margery Koen 

Assistant Production Manager John Iwanciw 

Art Director Lois Erlacher 

Senior Designer Christopher Coleman 

Circulation Manager Hugh J. Dowling 

BRIEFS & SUPPORTING LITERATURE: Written and produced for NASA by 

Advanced Testing Technologies, Inc., Hauppauge, NY 11788 

Technical/Managing Editor Ted Selinsky 

Sr. Technical Analyst Dr. Larry Grunberger 

Art Manager Eric Starstrom 

Staff Writers/Editors Dr. Theron Cole, George Watson 

Graphics Robert Simons 

Editorial & Production Joan Schmiemann, Becky D. Bentley 


NASA: 

NASA Tech Briefs are provided by the National Aeronautics and Space 
Administration, Technology Transfer Division, Washington, DC: 

Administrator Daniel S. Goldin 

Director, Commercial Technology Dr. Robert Norwood 

Publications Director Car I Ray 


ASSOCIATED BUSINESS PUBLICATIONS INTERNATIONAL 
317 Madison Avenue, New York, NY 10017-5391 
(212) 490-3999 FAX (212) 986-7864 


Chairman/Chief Executive Officer 

Vice Chairman/Chief Operating Officer. 

MIS Manager 

Webmaster 

Director of Electronic Products 

eStrategy Director 

Credit/Collection 

Human Resources Manager 

Accounting Manager 

Office Manager 


Bill Schnirring (bill@abpi.net) 
Domenic A. Mucchetti 
Ted Morawski 
Albert Sunseri 
Luke Schnirring 
Andrew Runk 
Felecia Lahey 
Lourdes Del Valle 

Sylvia Ruiz 

Alfredo Vasquez 


NASA TECH BRIEFS ADVERTISING ACCOUNT EXECUTIVES 


Headquarters (212) 490-3999 

CT, MA, NH, ME, VT, Rl, Eastern Canada Ed Marecki 

at (401)351-0274 

NJ, NY, PA, DE Jim 0 ot 

at (973)316-9695 

VA, MD, DC, NC, SC, GA, FL, AL, TN, MS, LA, AR, OK, TX Bill Manning 

at (770) 971-0677 

MN, ND, SD, Wl, IL Bob Casey 

at (847) 223-5225 

IN, KY, Ml, OH, MO, KS, IA, NE, Western PA & NY, Central Canada Chris Casey 

at (847) 223-5225 

N. Calif., CO, WA, OR, ID, MT, WY, UT, Western Canada Bill Hague 

at (800) 830-4351 

S. Calif., AZ, NM, NV Tom Boris 

at (949) 642-2785 

Internet Advertising Luke Schnirring 

at (212) 490-3999 

Postcard/Literature Advertising John Waddell 

at (212) 490-3999 

Reprints Jeannie Martin 

at (219) 879-8366 


For a complete list of staff e-mail addresses, 
visit www.abpi.net 

NASA Tech Briefs, October 2001 



NASA Tech Briefs 

Goes Digital 


Dear Reader: 

Now you have a choice of receiving a digital (pdf) version of NASA Tech Briefs in 
addition to or instead of your print copy. The pdf edition will be a full-color replica 
of the printed magazine, with many added benefits, including the ability to search and 
archive digital issues, hyperlink directly from articles and ads to Web pages, and view 
embedded video and audio clips. 

Plus, as a digital subscriber, you automatically will receive technology-focused supplements 
such as Photonics Tech Briefs and Motion Control Tech Briefs. And the pdf edition will be 

available earlier than you now receive your copy through the mail. 

/ 

The average pdf edition is expected to be less than 10MB, making it relatively quick and 
easy to download. You will be able to view pages side-by-side and print them on demand. 

The pdf edition is free to qualified U.S. subscribers who switch from the print version. 
You can receive BOTH versions for a nominal service fee of $2.00 per month ($24.00 
annually), which helps cover our additional costs. Of course, you can continue to receive 
the print edition only at no charge — provided you renew your subscription annually. 

Update your subscription today at www.nasatech.com/subscribe and tell us which 
option you prefer, or complete and fax the subscription form on page 39 of this issue. 
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Thanks for your support. 
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joe@abpi.net 
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Commercial 

Technology 

Team 


NASA’s R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA’s 
national network of commercial technology organizations. The network includes ten NASA field cen- 
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (609) 667-7737 for the FLC coordinator in your area. 


NASA’s Technology Sources 


NASA Program Offices 


If you need further information about new technologies presented in NASA Tech Briefs , 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 
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Aerospace 
Operations 
Systems: 
Rotorcraft; 
Thermal 
Protection 
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Carolina Blake 
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logical strengths: 
Aerodynamics; 
Aeronautics Flight 
Testing; 

Aeropropulsion; 
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Thermal Testing; 
Integrated 
Systems Test and 
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Jenny Baer- 
Riedhart 
(661) 276-3689 
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Flight Center 
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Systems; 
Tracking; 
Telemetry; 

Remote Sensing; 
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George Alcorn 

(301)286-5810 
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Jet Propulsion 
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Engineering; 
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Information 
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Remote Sensing; 
Robotics. 

Merle McKenzie 
(818)354-2577 
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Johnson Space 
Center 

Selected techno- 
logical strengths: 
Artificial Intelli- 
gence and 
Human Computer 
Interface; 

Life Sciences; 
Human Space 
Flight Operations; 
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Communications. 
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(281) 483-0474 
char1ene.e.gilbert1@ 
jsc.nasa.gov 

Kennedy Space 
Center 
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NASA-Sponsored Commercial Technology Organizations 

These organizations were established to provide rapid access to NASA and other federal 
R&D and foster collaboration between public and private sector organizations. They also 
can direct you to the appropriate point of contact within the Federal Laboratory Consortium. 
To reach the Regional Technology Transfer Center nearest you, call (800) 472-6785. 
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Research Program (SBIR) 
& Small Business 
Technology Transfer 
Program (STTR) 

(202) 358-4652 
cray@mail. hq. nasa. gov 


Dr. Robert Norwood 
Office of Commercial 
Technology (Code RW) 

(202) 358-2320 
monvood@mail. hq. 
nasa.gov 


John Mankins 
Office of Space Flight 
(Code MP) 

(202)358-4659 

jmankins@mail. 

hq.nasa.gov 


Terry Hertz 
Office of Aero-Space 
Technology (Code RS) 

(202)358-4636 
thertz@mail. hq. nasa. gov 

Glen Mucklow 
Office of Space Sciences 
(Code SM) 

(202)358-2235 

gmucklow@mail. 

hq.nasa.gov 

Roger Crouch 

Office of Microgravity 
Science Applications 
(Code U) 

(202) 358-0689 
rcrouch@hq.nasa.gov 

Granville Paules 

Office of Mission to Planet 
Earth (Code Y) 

(202)358-0706 

gpaules@mtpe.hq.nasa.gov 


NASA's Business Facilitators 

NASA has established several organizations 
whose objectives are to establish joint spon- 
sored research agreements and incubate 
small start-up companies with significant 
business promise. 


Wayne P. Zeman 

Lewis Incubator for 
Technology 

Cleveland, OH 
(216) 586-3888 

B. Greg Hinkebein 
Mississippi Enterprise for 
Technology 

Stennis Space 
Center, MS 

(800) 746-4699 

Julie Holland 

NASA Commercialization 
Center 

Pomona, CA 
(909) 869-4477 

Bridgette Smalley 

UH-NASA Technology 

Commercialization 

Incubator 

Houston, TX 
(713) 743-9155 


Thomas G. Rainey 

NASA KSC Business 
Incubation Center 

Titusville, FL 

(407) 383-5200 

Joanne W. Randolph 
BizTech 

Huntsville, AL 
(256) 704-6000 

Joe Becker 

Ames Technology 
Commercialization Center 

San Jose, CA 

(408) 557-6700 

Marty Kaszubowski 

Hampton Roads 
Technology Incubator 
(Langley Research Center) 

Hampton, VA 
(757) 865-2140 


iJASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA’s national network of programs, organizations, and services dedicated to tech- 
nology transfer and commercialization. 


John Fini 

Goddard Space Flight 
Center Incubator 

Baltimore, MD 
(410)327-9150x1034 


If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain Earth Analysis 
Center, (505) 277-3622. 
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New image processing tools. 

Treat your image 


data to MATLAB. 


Now there is a complete set of advanced image processing tools for Matlab, 
the world’s number one technical computing environment. 
You can analyze, enhance, and segment images. Perform 
registration, morphology, deblurring, and multidimensional 
Multiple, touching objects operations. Develop image processing algorithms, and convert 

segmented using the 

watershed transform. your image applications to C/C++ with the Matlab Compiler. 




NEW 

IMAGE 
PROCESSING 
TOOLBOX 3 


Signal Processing Toolbox 
Statistics Toolbox 
Neural Network Toolbox 
Mapping Toolbox 
Wavelet Toolbox 
Filter Design Toolbox 
MATLAB Compiler 


Matlab 

training 
offered in 
15 locations. 


And because it’s Matlab, it’s flexible and programmable, and it’s easy to explore. 

See how much better image processing can be with the Matlab solution. 

Go directly to application examples, demos, tutorials, 
user stories, and pricing at www.mathworks.com/nti. 


MATLAB’ 

eSlMULINK 


The MathWorks 


Visit www.mathworks.com/nti 
or call 508-647-7040 



For Free Info Circle No. 564 or Enter No. 564 at www.nasatech.< 




What's New 
On-line 





PRODUCT OF THE MONTH 


M 


athSoft Engineering 8c 
Education, Cambridge, 

MA, has released 
Mathcad* Client for 
sharing and collaborating on 
Mathcad-created content across 
and throughout organizations. It 
provides a tool for sharing math on 
the Internet, as well as via corporate 
extranets and intranets. Designed 
for organizations with multiple 
locations, Mathcad Client lets users 
interact with technical documents 
and applications, including Mathcad 
worksheets, electronic books, and 
MathML documents. The software 
restricts changes to the structure of 
original documents. It can be used 
as a standalone, interactive viewer 
for Mathcad documents in which 
engineers can share Mathcad-creat- 
ed designs with anyone who has Mathcad Client. The program supports Mathcad 
add-ins for Excel, Visio, and AutoCAD, as well as applications developed in Visual Basic 
and C++. Mathcad Client also can be used as a browser plug-in for Internet Explorer 
or Netscape to view Web-based live math content. 

For Free Info Circle No. 740 or Enter No. 740 at www.nasatech.com/rs 



Y ou spoke, we listened. 

NASA Tech Briefs readers 
have asked for an automated 
way to renew or change their 
subscriptions. Now, when you 
go to www. nasatech.com/ 
subscribe and access the online 
subscription form, simply enter 
the unique ID number that 
appears above your name on 
the mailing label (printed 
on the front cover of the 
magazine), and your current 
address, phone, fax, and e-mail 
data will appear onscreen, 
saving you time and effort. 

You still need to complete the 
demographic questions, but 
these only require a few clicks 
of your mouse. E-mail 
comments about this new 
service to Hugh Dowling 
at hugh@abptuf.org. 


Which Way Is Up? 

O n Earth, gravity tells us which way is up, and which way 
is down. But what about in space, where there is no 
gravity? The body’s vestibular system, which includes the 
inner ear, can’t sense the familiar pull of gravity in space, 
and can’t distinguish up from down. In addition, nerves in 
the body’s joints and muscles that tell us where our arms 



A Neurovestibular 
Adaptation project 
at NSBRI uses eye 
movements pro- 
duced by moving 
stripes to help 
evaluate inner-ear 
function. 


and legs are without looking at them also are fooled in zero 
gravity. The result of all this disorientation: space sickness. 
Do you know that feeling you get while reading in a moving 
car, or riding a roller coaster? That’s similar to what space 
sickness feels like. 

In 1997, NASA formed the National Space Biomedical 
Research Institute (NSBRI) in Houston, TX, to research 
countermeasures to health problems associated with long- 
duration space travel. Much of that research can directly 
benefit millions of patients here on Earth. Using 12 inte- 
grated research teams composed of scientists form leading 
research institutions and national labs, the NSBRI’s work 
covers areas such as bone and muscle loss, cardiovascular 
changes, immunology, infection, behavioral factors, physical 
Fitness and rehabilitation, nutrition, and radiation effects. 

NSBRI research is designed to help physicians treat 
patients with inner ear disorders, osteoporosis, cardiac 
problems, sleep disorders, immune system disorders, 
stress-related viral outbreaks such as shingles, and a 
variety of stress, personality, and psychological disorders. 

Visit the NSBRI Web site at www.mbri.org , or contact Kathy 
Major ; Manager of Program Coordination , Communication , and 
Outreach , at major@bcm.tmc.edu; 713-798-5893. 
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Don't get burned. Get Autodesk Inventor" 1 software. It's the industry's biggest leap in 3D design tech- 
nology in over 15 years, with breakthrough adaptive technology, exceptional large assembly performance, and 
industry-leading DWG compatibility. For Alfredo Bentivoglio, President of Alpha Marathon, "The transition from 2D 
to Autodesk Inventor was a breeze." And its intuitive nature will save you more than just time: "We'll save up to one 
million dollars by drastically reducing prototyping," he says. If you're ready for 3D the easy way, you're ready for 
Autodesk Inventor. Freedom to design without limits. Visit WWW.autodesk.com/inventor to find out more. 


autodesk 


C 2001 Autodesk. Inc. Autodesk and the Autodesk logo are registered trademarks, and Autodesk Inventor is a trademark, of Autodesk. Inc In the U.SA and other countries. 
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Reader Forum 


Reader Forum is dedicated to the thoughts, concerns, questions, and comments of our readers. If you have a comment, a question 
regarding a technical problem, or an answer to a previously published question, post your letter to Reader Forum on-line 
at www.nasatech.com, or send to: Editor, NASA Tech Briefs , 317 Madison Ave., New York, NY 10017; Fax: 212-986-7864. Please 
include your name, company (if applicable), address, and e-mail address or phone number. 


I have a patient care application that 
involves measuring the effect of air 
pressure on the wall of the trachea. The 
pressure is induced via a pulsating me- 
chanical ventilator using a catheter that 
is inserted into the trachea. The catheter 
diameter is 4 mm and the trachea diam- 
eter is 6 mm. I would like to be able to 
measure the actual pressure of the air 
puffs against the trachea wall, and be 
able to show its distribution. Typical pres- 
sure in the catheter tip is less than 2 psi. 
Tactile pressure indicating film would be 
perfect for this application since it can 
be formed into a cylinder that replicates 
the trachea, but it is not very practical at 
low pressures. Any suggestions would be 
appreciated. 

Frank Magnarelli 
fdm39@aol.com 


The July Reader Forum included a let- 
ter from John Marchesini requesting in- 
formation on scaring birds away from air- 
plane landing strips. I would suggest 
John contact Dr. Richard Dolbeer of the 
US Department of Agriculture, and the 
Chairman of Bird Strike Committee 
USA. The use of acoustics such as bird 
distress calls and propane cannons near 
airfields has a long and frustrating his- 
tory. Noise often has been used to chase 
a roost. I myself have done work with the 
US Air force, the USDA, and the Federal 
Aviation Administration (FAA). The bot- 
tom line seems to be that the sound must 
hurt the birds or they will habituate. Our 
testing uses the sound to make the birds 
more aware of the approaching vehicle, 
and, thus, evokes an improved avoidance 
reaction. 

James J. Genova 

libbajim@mindspring.com 


In response tojohn Marchesini’s letter 
in the July issue on scaring birds with 
sound, my limited experience has shown 
that the sounds that move birds depend 
on the species and the history of die 
birds. A distress call of an injured bird 
will chase other birds for a short time, 
but if they don’t detect further danger, 
they’ll return. There have been ro- 
dent/bird/insect chasers on the market 
for at least 15 years that consist of noth- 
ing more than 555 timers and a horn 
tweeter. The only results I’ve detected 
that they produce are to cause radio and 
TV interference. The electronics needed 
are trivial, but the ornithology Mr. 
Marchesini requests is complex and can 
take years to learn — and may still be in- 
effective. 

Dr. Gerald N. Johnson 

geraldj@isunet.net 



Work with our experts to develop that ‘killer app’ that gives you the competitive edge 
or use IDL to build your own custom applications in less time than with any traditional 
programming language. 


• Create interactive Web-enabled applications using JAVA and IDL. 

• Take your productivity to a new level with IDL's built-in multi-threading capabilities. 

• Use the power of IDL to manipulate 1 D, 2D, 3D or even 4D visualizations interactively. 

• Develop a user interface in IDL or use IDL as an ActiveX control. 

• Call C, C++, FORTRAN code, or call IDL from your existing application. 

Available for Window, UNIX, Linux, and Macintosh. 


RESEARCH 

SYSTEMS 

A Kodak Company 


Call us today at 303.786.9900 or visit our website 
at www.ResearchSystems.com/Aerospace to find out more. 
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■ Record waveform data, 

synchronized video snapshots and audio 


/hi YB/LiJ'JJJii 
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jjSJJjdJ 
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18 Universal input channels for 
voltage, thermocouple and bridge 

15.4" touch-screen display for 
data viewing and analysis 

Record data directly to 9 CB 
hard drive at 1 00 kHz per channel 

Real-time filtering and math functions 


10/100 BaseT Ethernet interface 
and 250 MB Zip drive 


n 

{ I 




Optional Printer 

For real-time recording or playback 
from memory, an attachable 
1 0" wide high speed printer is available. 


Call, E-mail, Fax, or write to us today for all the details 


Web Site: www.astro-med.com/de 10 


ffl I Astro-Med, Inc. 

^ ' TEST & MEASUREMENT PRODUCT GROUP 


Astro-Med is System Certified to ISO-9001 
Astro-Med Industrial Park, West Warwick, Rhode Island 02893 
Phone:(401) 828-4000 • Toll Free: 1-877-867-9783 • Fax:(401)822-2430 
In Canada Telephone 1-800-565-221 6 • E-mail: mtgroup@astromed.com 
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HASA Facility Refitted With 
Modular Storage System 


N 


Mobile storage cabinets and workstations 

Lista International 

Holliston, MA 

5084294350 

www.listaind.com 

NASA’s Johnson Space Center (JSC) in Houston, TX, hous- 
es the facility where the International Space Station’s 
crew return vehicle — the X-38 — is being developed and 
built. According to NASA manufacturing engineer David 
Young, “The development of a spacecraft is obviously extreme- 
ly important. The tools used to build the vehicle are very 
important as well. That is why NASA chose Lista to provide a 
secure storage system for the tools.” 

The modular storage components selected by NASA include 
a network of modular drawer storage cabinets, which feature 
drawers that can be designed with a variety of heights and inte- 
rior configurations to fit NASA’s wide range of installations 
and applications. At the JSC facility, a wide range of small parts 
such as nuts, bolts, screws, and fasteners — as well as large 
tools such as wrenches — are stored in one cabinet. 

JSC also utilizes two mobile cabinets, a double-width cabinet, 
and a mobile unit with a maple top for easy access to stored 
items. The final element of the JSC workspace solution is an 
industrial workbench completely customized to fit the exact 
needs of the X-38 technicians. It features an outlet strip to plug 
in power tools, and permanent riser shelving for added stor- 
age. “The workstation allows organization and efficiency,” said 
Young. “The technicians have an organized area for light tech- 
nical work, as well as paperwork and computer use.” Other 
Lista storage systems already are in use at NASA’s Kennedy 
Space Center in Florida. 

For Free Info Circle No. 730 or 
Enter No. 730 at www.nasatech.com/rs 



dickel-Hydrogen Batteries Power 
Mars Mission 


CPV and EPY nickel-hydrogen batteries 
Eagle-Picher Technologies 
Power Subsystems Group 
Joplin, MO 
417 - 623-8000 
www.epi-tech.com 

NASA’s 2001 Mars Odyssey spacecraft, launched this spring, 
is expected to arrive at Mars later this month to join the Mars 
Global Surveyor, which already is in orbit. A probe will search 
for and analyze various elements of the Martian environment 
such as water, ice, mineral deposits, and radiation. The space- 
craft — built by Lockheed Martin Space Systems for NASA’s Jet 


Propulsion Laboratory in California — was powered by a nick- 
el-hydrogen battery that combined two types of cells. 

The 16-ampere-hour battery design combined 11 two-cell 
Common Pressure Vessel (CPV) cells and one Independent 
Pressure Vessel (IPV) cell to achieve the 23-cell equivalent bat- 
ter). The battery’s function is reserve power for spacecraft 
operation, used approximately one-third of the time, when 
solar arrays become eclipsed. According to Ron Repplinger, 
director of the Power Subsystems Group at Eagle-Picher, his 
company “has been a continuous source of battery power 
throughout four decades of space flight missions.” 

The nickel-hydrogen cell and battery technolog)' also will be 
used as terrestrial backup power for applications in high-relia- 
bility environments such as semiconductors, medical, defense, 
and telecommunications. 

For Free Info Circle No. 731 or Enter No. 731 
at www.nasatech.com/rs 
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Six-axis Force/Torque Sensors 


Strong Transducers With Low-Noise Outputs Measuring Fx, Fy, Fz, Tx, Ty, Tz . 


"I highly recommend ATI's force/torque transducers to anyone 
who needs a reliable, pre-calibrated, easily programmable 
transducer. It is a truly versatile plug-and-play system. " 

Prof. Francisco Valero-Cuevas 
Neuromuscular Biomechanics Laboratory 
Sibley School of Mechanical and Aerospace Engineering 
Cornell University 

"Because of their off-the-shelf solutions for miniature force and 
torque sensing, we were able to go from concept to working 
prototype in months instead of years." 

Patrick Jensen, Ph.D., Assistant Professor of Ophthalmology 
Johns Hopkins University 

'The force/torque systems from ATI are ideal in our study of 
human grip force coordination and production. They are as 
close to a turn-key system that we have found. " 

Professor Jay L. Alberts, Ph.D. 

Dept, of Health and Performance Sciences 
Georgia Institute of Technology 

Shown are ATI six-axis transducers from 17mm dia. to 330 mm dia. 

ATI manufactures a variety of extremely robust six-axis Force/Torque (FA) sensors that provide low-noise, high-resolution signals with 
output speeds of up to 10kHz and factors of safety up to 27 times measurement range. Since 1983, ATI has provided thousands of customers 
with FA's ranging from the smallest six-axis sensor in the world (17 mm diameter) to sensors measuring thousands of pounds. The FA can 
provide data via voltage outputs, RS-232 serial or interface with either ISA, PCI, PCMCIA or cPCI buses. ATI is developing interfaces to Firewire, 
VXI, USB, DeviceNet and Ethernet. The FA can also interface with analog data acquisition systems (seven channels required). 

For more information, contact Milton Gore at mgore@ati-ia.com or extension 132. 


NEW PCI, cPCI 
& PCMCIA Interfaces 


2 





Our Products Also Include: " 

.taiwKnwiWur. '' . 


Quick-Change 

Protector 

Speedeburr 

Compensator 


Robotic Tool Changer 
Robotic Crash Protection Device 
Robotic Deburring Tool 
Automated Assembly Alignment Device 



INDUSTRIAL 

AUTOMATION 

ISO 9001 Registered 

Engineered Products for Manufacturing Productivity 


Pinnacle Park, 1031 Goodworlh Drive, Apex, North Carolina 27502 USA 
Tel: * 1.919.772.0115 * Fax: * 1.919.772.8259 
Email: info@ati-ia.com * www.ati-ia.com 
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Who's Who at NASA 



16 Bit 

10 MS/s Scope 

with 

1 Billion Points 

Acquisition Memory 




CompuScope 1610 


1 6 Bit Resolution at 1 0 MS/s 
A/D and Scope Card for PCI Bus 

Up to 1 Gigasample 
On-board Acquisition Memory 

Differential Inputs 

Wide Analog Bandwidth 

Programmable Input Gain 

Software Development Kits for 
C/C++, MATLAB, LabVIEW under 
Win 95/98/NT/2000 


Compatible with GageScope® 


World's Most Powerful 
Oscilloscope Software 


A Tektronix Technology Company 


Outside the U.S. contact: Gage Applied, Inc. 
Tel: +1-514-633-7447 Fax:+1-514-633-0770 
e-mail: prodinfo@gage-applied.com 


For Free Info Circle No. 404 or Enter No. 
404 at www.nasatech.com/rs 


Dr. Marla Perez-Davis, Chief of the 
Electrochemistry Branch, Glenn 
Research Center 


D r. Perez-Davis 
is a chemical 
engineer and 
head of the Elec- 
trochemistry 
Branch at NASA’s 
Glenn Research 
Center in Cleve- 
land, OH. Her 
branch develops 
electrochemical 
technologies that result in high energy 
density and long-life batteries and fuel 
cells for NASA missions. In July, Dr. 
Perez-Davis was presented with the 
Career Achievement in Government 
Award at the Women of Color Govern- 
ment and Defense Technology Awards 
Conference, which honored 23 women 
for their achievements in science, engi- 
neering, and technology. 

NASA Tech Briefs: What is the func- 
tion of the Electrochemistry Branch? 

Dr. Marla Perez-Davis: Over the past 
three decades, the main function of 
the Electrochemistry Branch has been 
the development of advanced battery 
and fuel cell systems for NASA missions 
and programs. We go back to the 
1970s, when we started working with 
the original space systems, and we 
worked on battery systems for electric 
vehicles, alkaline fuel cell technology 
for the shuttle, and fuel cells for large- 
scale power plant applications. In the 
1980s and 1990s, we became involved 
in the development of nickel-hydrogen 
batteries for low-Earth orbit and geo- 
synchronous orbit for satellites and 
spacecraft. 

NTB: How do the technologies 
you’re working on affect battery and 
fuel cell efficiency? 

Perez-Davis: In the 1980s, the bat- 
tery team at NASA Glenn became in- 
volved in the development of nickel- 
hydrogen technology' for aerospace 
applications. We’ve made improve- 
ments in specific energy and energy- 
density of the nickel-hydrogen system 
with the development of a lightweight 


nickel electrode. We are looking at 
different cell chemistries, advanced 
materials, and novel cell, stack, com- 
ponent, and system designs, and how 
to make them more compact with 
longer life. Right now we’re research- 
ing lithium-based battery systems be- 
cause that offers the potential for 
lighter weight, less complexity, and 
higher performance. 

Current research includes the tech- 
nical feasibility of utilizing carbon nan- 
otubes and nanotechnologies in future 
energy storage systems and designs. 

NTB: What are the commercial ap- 
plications for long-life batteries and 
fuel cells? 

Perez-Davis: One of the big commer- 
cial areas is portable, wireless electron- 
ics like cell phones and laptop comput- 
ers that need longer battery life. You 
get on a plane and want to have your 
laptop run for a while without having 
to charge your battery. There is a need 
for technology breakthroughs and new 
batteries that can provide that kind of 
performance. There also must be flexi- 
bility in terms of the size and weight of 
the batteries for those devices. Nan- 
otechnology becomes important in 
storage capabilities. 

NTB: How might these technologies 
affect our everyday lives? 

Perez-Davis: The 21st century is a 
very exciting time, with new technical 
challenges and opportunities. One of 
those opportunities is to couple our 
traditional trends with emerging tech- 
nologies such as nanotechnology. 
When you look at fuel cells, you want 
to look at different types of fuels, their 
efficiencies, and how to use devices 
where the impact to the environment 
is reduced. That could also mean a 
reduction in the amount of fuel you 
need to power a device. That’s a double 
impact. 

A full transcript of this interview appears 
on-line at www.nasatech.com/whoswho. 
Dr. Perez-Davis can be reached at maria. 
e.perez-davis@grc. nasa.gov. 
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the evolution in servo braking has begun 


Nexen’s Eclipse™ servo motor brake started a revolution in motion control. With high braking strength 
and a flexible, universal design, Eclipse proved it was the strongest, safest, and most efficient brake 
available. To meet customer requests, Eclipse has evolved. New models expand the product line 
to eight size groups, fitting more than 250 servo motors from 1 5 manufacturers. Designed to fit all 
axes-vertical and horizontal, equipped to override virtually any motor, Eclipse is the natural selection 
for all servo motor applications. For complete information, stop at www.nexengroup.com/eclipse. 



nexen 

Nexen Group, Inc. 

560 Oak Grove Parkway 
Vadnais Heights, MN 55127 
651 484 5900 
Toll Free 800 843 7445 
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Commercialization 


Opportunities 


End Caps Increase Thermo- 
Oxidative Stability of Polyimides 

New formulations are candidates to 
supplant the norbornene end cap com- 
pound so that the product polymers can 
withstand higher temperatures and have 
extended lifetimes. 

(See page 30.) 


Fluorinated Diamondlike 
Carbon Coatings 

Experiments with this coating mater- 
ial show that it has a low coefficient of 
friction, is almost as hard as diamond, 
and that it can withstand flexure and 
shock without cracking. 

(See page 37.) 


Ultra-Efficient I^-Band MMIC 
Power Amplifier 

The proposed amplifier is designed to 
operate at frequencies around 28 GHz. 
Computer simulation shows that this 
amplifier would operate at a power- 
added efficiency of more than 60 per- 
cent, which is more than 20 percent 
above the state-of-the-art amplifiers in 
this frequency range. 

(See page 40.) 

Implementing Permutation 
Matrices by Use of Quantum Dots 

Integrated circuits based on quantum 
dots would rely on permutation matri- 
ces. These circuits are viewed as the next 
generation that will enable miniaturiza- 
tion beyond that of VLSI circuitry. 

(See page 42.) 

Flex Wedges 

Flex wedges are proposed to improve 
the performance of brakes and clutches. 
The wedges are relatively lightweight, 
require less actuating force, and operate 
more smoothly than prior systems. 

(See page 51.) 

Heat-Shield Panels in a 2D 
Shingling Arrangement 

Lightweight metal heat-shield panels 
designed for simplicity of insertion or re- 
moval are proposed for use on space- 
craft. The design can be adapted to non- 
aerospace applications. 

(See page 52.) 

Improved Automated System for 
Transferring Liquid Helium 

The proposed system for transferring 
liquid helium from a supply tank to an 
end-use cryostat would reduce the con- 
sumption of liquid helium. Applications 
include long-duration scientific experi- 
ments and large cooled electromagnets 
in medical imaging systems. 

(See page 54.) 

Improving Thin Foil X-Ray 
Mirrors 

The proposed improvements for 
these conical mirrors intended for x-ray 
astrophysics are increased resolution 
and diameter. Angular resolution would 
be 15 arc seconds and mirror diameter 
would be as large as 1.6 m. 

(See page 56.) 



For the BEST Stereo 
Viewing... 


Cerdas 

^iaccelrys 



Look No Further. 




When you need to visualize large, complex 
data sets naturally and interactively, you need 
the best visualization tools. Used by industry 
leaders, StereoGraphics CrystalEyes3 and 
Monitor ZScreen are the professional's 
choice. Whether you are looking for active 
shutter eyewear or a passive polarizing 
system, StereoGraphics Corporation has the 
best solution for your stereo viewing needs. 



StereoGraphics 1 


For More Information: 

Call Toll Free: 866-455-1490 
Visit: www.stereographics.com/ntb/ 
Email: Stereo3D@stereographics.com 


GIS/Mapping • Molecular Modelling • CAD • Industrial VR • Medical Imaging • Simulation 

NT81001 
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"It's not always 
what you know. 
It's knowing 
where to look." 



yet2.com . The world's leading 
Internet-based technology marketplace. 

yet2.com is an interactive tech marketplace that enables you to think 
outside the box. Expand your technology horizons. We offer a fast, conve 
nient, easy-to-navigate way to look at hundreds of licensable 
technologies from leading international organizations and 
individual inventors alike. Every week we feature a Tech of the 
Week so viewers can learn about the coolest new technologies 
available for licensing. Tell us what you're looking for and we'll 
e-mail you when relevant abstracts get listed. Or list your own 
technology for the world to see. 

yet2.com is a rich, dynamic arena where diverse industries meet and 
ideas cross-pollinate. It's the one place where inventors and users come 
together. Where the possibilities are endless 
and you can actually see the future. . 
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You can also view yet2.com 's Tech of the Week by logging onto nasatech.com/techsearch 


Technologies of the 


Sponsored by 


yet ^ 


com 
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For more information on these and other new, licensable inventions, visit 
www.nasatech.com/techsearch 


Temperature-Driven Pumping Technology 
for Supercritical Fluids 

Janusz B. Pawliszyn , University of Waterloo 

Supercritical fluids typically have been delivered using sy- 
ringe, membrane, and dual-piston pumps. Unfortunately, 
these methods have had drawbacks including high cost and 
leakage under high pressure. 

The University 
of Waterloo has 
developed a su- 
percritical pump- 
ing technology 
that uses temper- 
ature to create 
pressure within 
two high-pressure vessels consUTicted of stainless steel. Tempera- 
ture is controlled by an electronic circuit that switches power to a 
heating element, off and on, in response to preset pressure val- 
ues. When a certain pounds-per-square-inch (PSI) is achieved, 
the vessel is discharged, the power is switched off, and the vessel 
is allowed to cool to another preset PSI level for filling. This re- 
sults in a continuous flow of supercritical fluid. The technology is 
ideal for pharmaceutical manufacturing, wastewater treatment, 
laboratory processes, and food and beverage manufacturing. 

Get the complete report on this technology at: 
wunv. nasa tech . com/ techsearch/ tow/ Waterloo, h tml 

Powerful New Program Unearths Value In 
Disparate Data 

Ted hen , Rockwell Scientific 

Data mining technology has posed several challenges in- 
cluding the requirement of IT staff assistance, expensive data 
warehouse tools to handle legacy databases, and analysis that 
can often delay results. 

Rockwell Scientific has developed a user-friendly computer 
program that uses sophisticated search and optimizing algo- 
rithms to extract useful information from confusing, often 
seemingly unrelated data. The technology combines digital 
signal processing, pattern classification, knowledge extrac- 
tion, reasoning under uncertainty, optimization, decision 
analysis, and data visualization. Its functionality enables a va- 
riety of data resources to be mined and exploited, even im- 
ages such as photographs and x-rays. The results are available 
in real time and presented in simple language for immediate 
use. This technology is ideal for pattern recognition and sig- 
nal processing in scientific research, risk management, and 
market studies for business, and portfolio management and 
market trends for the financial and insurance industries. 

Get the complete report on this technology at: 
www. nasatech . com/ techsearch/ tow/rockwell. h tml 


Gear Combines Principles for Motion 
Control in Mechatronics Drives 

Deutsches Zentrum fur Luft - und Raumfahrt 

The ability to obtain a range of precision motion with few 
components in a compact volume is one of many challenges in 
robotics and other mechatronic applications. The German 
Aerospace Research Center (DLR) has developed electro- 
mechanical actuators designed around patented planetar)' 
roller screw drives (PRSD). 

Originally designed to act as an artificial muscle in the DLR 
Robotic Hand, the PRSD combines the planetary gear and 
roller bearing to create a new type of linear translator, trans- 
forming rotary motion into powerful, low-speed linear move- 
ment. When PRSDs are 
blended with brushless DC 
motors, the result is a 
compact, simple alterna- 
tive to hydraulic and pneu- 
matic actuators for auto- 
motive systems, lifting 
heavy gear, and small- 
range motion tasks. 

Get the complete report on this technology at: 
www. nasatech . com /techsearch /tow /dir. h tml 

Inverter Railway Propulsion System Offers 
Improved Performance and Reliability 

Hyundai Heavy Industries 

Diesel electric propulsion systems have been utilized by the 
railway industry to operate locomotives, but one weak spot in 
this system has been the consistency and controllability of the 
power conversion process as the diesel engine is used to gen- 
erate electricity via an alternating power generator. 

Hyundai Heavy Industries has developed a new digital vari- 
able voltage, variable frequency (VWF) inverter system to help 
control the speed of the train by means of a parallel traction 

motor. The WVF inverter 
system converts the 1500 
V DC line voltage into a 
three-phase power supply 
to drive or brake the trac- 
tion motor, which con- 
verts electricity into me- 
chanical power that is 
transferred to the wheels 
via the coupling and gear- 
box. This reduces the “jerk” often felt in train travel, providing 
a smoother, more comfortable ride. 

Get the complete report on this technology at: 
www.nasatech.com/techsearch/tow/hyundai.html 
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FDA Approval of 
Medical Devices Starts 
with Design 


D esigning and manufacturing a 
medical device incorporates many 
of the same methods and processes as de- 
signing and building a car, except for 
one big difference: the U.S. Food and 
Drug Administration (FDA). Something 
as simple as a basic wooden tongue de- 
pressor or as complex as a programma- 
ble pacemaker with microchip technol- 
ogy are both considered medical devices 
by the FDA, the government arm that 
regulates the design, manufacture, pack- 
aging, and safety of medical devices. Lab 
equipment, test kits, and radiation-emit- 
ting products such as ultrasound, x-ray, 
and laser machinery also fall under the 
FDA’s regulated medical devices. 

The medical device industry encom- 
passes a wide variety of products and 
IcLiniuIugics, flout liauu tools anti im- 
plantable screws, to computer-con- 
trolled surgical machines and artificial 
organs. According to Forrester Re- 
search, the U.S. is the world’s largest 
medical device market, valued at $43 bil- 
lion. The industry is expected to grow at 
a rate of 9 percent per year through 
2004. The development of more innova- 
tive medical devices in areas such as or- 
thopedic implants, cardiovascular treat- 
ment, and surgical equipment continues 
to increase. 

To account for the diverse design, 
manufacturing, and control procedures 
used to make such devices, the FDA has 
compiled Current Good Manufacturing 
Practice (CGMP) requirements that help 
manufacturers comply with FDA regula- 
tions. These CGMP regulations ulti- 
mately protect patients and users of med- 
ical devices from purchasing ineffective 
or dangerous products. 

So how far into the design and produc- 
tion of a medical device should a manu- 
facturer go before worrying about FDA 
compliance? According to the FDA, they 
must think about compliance at the very 
beginning, before the product is even de- 
signed. The FDA’s Center for Devices and 


Radiological Health (CDRH) — responsi- 
ble for the regulation of medical devices 
and ionizing and non-ionizing radiation- 
emitting electronic products — has issued 
CGMP requirements for design controls 
that guide manufacturers from the very 
first drawing they make of a 
new device. 

Design controls are a set of 
procedures incorporated into 
the design and development 
process that cover die life of 
the medical device, from de- 
sign to production, distribu- 
tion, maintenance, and obso- 
lescence of the device. The 
design controls apply to all 
changes to the device or the 
manufacturing process, in- 
cluding those that occur iong 
after a device has been intro- 
duced to the market. They in- 
clude everything from the ini- 
tial design input and review, 
to verification and validation 
of the design, to design 
changes and a history file of 
those changes. Once the de- 
vice is designed, the FDA has 
further regulations covering 
clinical evaluation, manufac- 
turing, packaging, labeling, 
and post-market surveillance 
of the device. 

Sound mind-boggling? The FDA, and 
some commercially available software 
packages, can help medical device man- 
ufacturers get started. 

Reducing the Risk 

While the FDA is the best place to go 
for exact information on compliance 
with their regulations, there are a 
number of commercially available soft- 
ware packages that can help medical 
device manufacturers streamline their 
processes, reporting, and quality proce- 
dures to ensure compliance with CGMP 
standards. 


NetRegulus is a provider of product 
quality intelligence software and services 
for FDA-regulated medical product 
manufacturers. Based in Oakbrook Ter- 
race, IL, NetRegulus offers their PQIn- 
telligence software, an enterprise-wide, 


Web-enabled data management package 
that lets users track products and prod- 
uct-related information from initial 
bench testing all the way through to 
product phase-out. It automates, orga- 
nizes, and manages clinical, regulatory, 
and product data. It also provides tools 
to track marketing trends, file on-time 
regulatory reports, handle postmarket 
surveillance, manage clinical and scien- 
tific studies, and manage quality audits, 
field actions, and recalls. 

Pilgrim Software (Tampa, FL) offers 
the Quality &: Manufacturing Integrated 
System (Q&rMIS ) suite of software that 
helps manufacturers analyze their man- 
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The US Food & Drug Administration (FDA) Web site at www. 
fda.gov provides medical device manufacturers with compliance 
information they can use from the very first drawing of a prod- 
uct, to whether their product is regulated by the FDA, through 
the design and manufacturing processes and final approval. 
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CATIA? the world’s leading CAD/CAM/CAE 
software, takes 3D design and innovation to a 
new level. It streamlines the entire development 
process from idea to design and through the 
entire product life cycle by providing a virtual 
environment for testing, prototyping and 
manufacturing. It drives the development of 
innovative, high-quality products, while 
drastically reducing time for development, 
cutting costs and providing a faster return 
on investment. 


Better still, it opens up a new range of market 
opportunities by offering not only the ability 
to customize on a massive scale, but also 
personalization for every customer. In short, it 
gives you the power to create innovative 
products in a market where innovators lead. 
And ultimately win. 


PuM Ak/P (2sOLPAC>o£ATlotJ 

IBM’s Product Lifecycle Management (PLM) 
solutions provide an integrated approach to 
the development of products that fosters 
innovation. How? By linking your product team’s 
knowledge and processes with the network of 
suppliers, engineers, customers and partners on 
which your success ultimately depends. CATIA 
is an integral part of IBM’s PLM solutions. 

foZ yoUZStuf 

The trial code CD version of the latest, award- 
winning CATIA software is yours to try, free, 
for 30 days. Simply call 1 800 IBM 7777 
(Priority Code 6N1FS029) or visit our Website: 
ibm.com/solutions/catia / 

^ CATIA 
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CATIA: driving innovation, this advanced 3D design and engineering software from Dassault Systemes 
links design and manufacturing, improves collaboration, reduces costs and gets products to market faster. 
Along with IBM’s industry expertise, it’s part of a complete PLM solution. See it at ibm.com/solutions/catia 


business solutions 
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SYSTEMES 


is Machines Corporation in the U.S 
*M Corporation. All right)* reserved 




ufacturing process, recognize trends 
and measure quality, and meet FDA 
guidelines. .Also an enterprise-wide ap- 
plication, the Web-based product allows 
users to integrate audits, calibration 
management, document control issues, 
supplier quality management, preven- 
tive maintenance operations, internal 
process controls, and training processes 
into one approach. These different 
functions also can work as standalone 
applications. 

Other companies, such as EduNeer- 
ing, provide online compliance educa- 
tion and risk management solutions 
for FDA compliance. In 1999, EduNeer- 
ing entered into a Cooperative Re- 
search & Development Agreement 
(CRADA) with the FDA to jointly de- 
velop online training programs and 
courses, which will ensure that every- 
one in industry and government has ac- 
cess to the same tools and core knowl- 
edge, enhancing compliance efforts by 
regulated manufacturers. 



Able Software’s 3D DOCTOR enables 3D visual- 
ization and rendering of CT and MRI images to 
create CAD models that can be used for rapid 
prototyping of medical devices. This example 
shows the CAD model of a knee created from 
various CT images. 

Earlier this year, Able Software re- 
ceived clearance from the FDA to mar- 
ket its 3D-DOCTOR software for med- 
ical imaging applications. 3D-DOCTOR 
is also a rendering and measurement 
software for computer tomography 
(CT), magnetic resonance imaging 
(MRI), microscopy, and other volumet- 
ric images. It creates 3D surface models 
from cross-section images in real time 
on a standard PC, letting doctors per- 
form 3D visualizations of CT/MRI im- 
ages. In effect, the software creates 
CAD models from medical images. 

The software currently is in use by 
leading medical research organizations, 
and according to the company, the FDA 
clearance should help 3D-DOCTOR be- 
come more widely and rapidly adopted 
in other applications, including proto- 
typing of medical devices. 

Visit www.nasatech.com/feahires for more 
information on medical device manufacturing. 

(Continued on page 28) 


Get Connected to the Companies Featured 


in this Article: 

Able Software www.ablesw.com 

EduNeering www.eduneering.com 

NetRegulus www.netregulus.com 

Pilgrim Software www.pilgrimusa.com 

U.S. Food & Drug Administration www.fda.gov 


A 10,000 psi 0N/0FF valve 
in a 3.1" package! 



Booth #367 


V’ Series Valves provide extremely long cycle life/high reliability 


• Piston sensor design ensures high 
reliability & exceptional cycle life 

• Compact package - only 3.1” high 

• High flow capacity: C v = .75 or 2.0 

• Gas or liquid applications 

• Normally open or normally closed 

• Brass or 316 stainless steel 
machined bar stock 

• Low actuation pressure: 30-60 psi 


• High operating pressure: 6,000 psi 
maximum (brass), 10,000 psi 
maximum (stainless) 

TESC©M 

CORPORATION 

INDUSTRIAL CONTROLS DIVISION 

call 1-800-447-1250 

www.tescom.com 


Global technical support & distribution • Facilities in the US. Germany and Asia 


NASA Tech Briefs, October 2001 


For Free Info Circle No. 406 or Visit www.nasatech. com/406 


27 



(Continued from page 27) 


NASA/Industry Partnership Improves Medical Device 


N ASA has consistently been in the forefront of innovative 
medical device development. The pacemaker, ingestible 
thermometer, microencapsulated drugs, cool vests, laser angio- 
plasty, and magnetic resonance imaging (MRI) systems all trace 
their roots to NASA-developed technologies. The technology 
behind a surgical tool that uses artificial intelligence to increase 
the safety, accuracy, and efficiency of delicate surgical operations 
has been licensed by NASA to a commercial company for devel- 
opment of an early breast cancer diagnostic device. 

Originally developed by Dr. Robert Mah of NASA’s Ames 
Research Center in California, the “Smart Surgical Probe” was 
licensed to BioLuminate of Dublin, CA, which plans to develop, 
produce, and market a measurement device for early breast 
cancer detection. The device will consist of a disposable needle 
that will be used for each patient test. The needle will be used 
only after initial screening steps indicate the presence of a 
suspicious lesion. 

The device provides six specific measurements of known can- 
cer indicators, including oxygen partial pressure, electrical imped- 
ance, temperature, deoxygenated hemoglobin, vascularization, and 
tissue density. The measurements are taken simultaneously in real 


time as a small 20 to 2 1 gauge disposable needle, connected to a 
computer, is inserted into the lesion.The needle is expected to ex- 
ceed the accuracy achieved by core needle biopsies, and should 
approach the accuracy of surgical biopsies. 

Since results are provided in real time, doctors and patients 
don’t need to wait for pathology results, which could take up to 
two months from the first exam to the final diagnosis. If the re- 
sults indicate the presence of cancer, treatments can begin im- 
mediately. 

The average cost of breast cancer biopsies is approximately 
$2,620 per patient. The BioLuminate procedure is estimated 
to cost $525 per test, which includes a $250 disposable 
needle. The test system itself is expected to cost less than 
$50,000, and will include an electronic box about the size of a 
small typewriter that contains a computer, optical components, 
conversion electronics, and a display. 

The combination of the NASA-developed probe technology, 
with BioLuminate ’s approach to reduce the size of the probe to 
a small needle, makes this partnership a unique one in the med- 
ical device industry. 

For more information, visit BioLuminate at www.bioluminate.com. 
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- Paul Choate 
Engineering Manager 
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Solid Edge ib d complete tooi kit for machinery design - powerful solid modeling, industrial- 
strength assembly design, engineering aids, and drafting - all in a remarkably affordable and 
easy-to-use package. Solid Edge is the most productive CAD package for machinery design, 
with the lowest cost of ownership, delivering the highest return on investment. 

Alcoa Packaging Machinery is using Solid Edge to design innovative machinery for 
beverage packaging. "We chose Solid Edge because it was the easiest to use," says 
Paul Choate, engineering manager. "Solid Edge gives us all the tools we require, at a 
fraction of the cost of high-end systems." 

Solid Edge is helping machinery designers realize the business benefits of 3D design - 
shorter design cycle times, improved product quality, fewer errors, and lower costs. 
To get down to the business of machinery design with Solid Edge, call 1 800-807-2200 or 
visit www.solid-edge.com. 
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Special Coverage: Composites & Plastics 


41 End Caps Increase Thermo-Oxidative Stability of Polyimides 

A thermo-oxidative-reaction path that leads to more stable products is exploited. 

John H. Glenn Research Center, Cleveland, Ohio 


Latently reactive end caps have been 
investigated as improved means to in- 
crease the thermo-oxidative stability of 
polyimides of the polymerization of 
monomeric reactants (PMR) type, 
which are often used as the matrix resins 
of high-temperature-resistant composite 
materials. The present end-cap com- 
pounds are candidates to supplant the 
norbornene end cap (NE) compound 
that, heretofore, has served to limit 
molecular weights during oligomeriza- 
tion and, at high temperatures, to form 
crosslinks that become parts of stable 
network molecular structures. 

NE has been important to processabil- 
ity of high-temperature resins because 
(1) in limiting molecular weights, it en- 
ables resins to flow more readily for pro- 
cessing and (2) it does not give off 
volatile byproducts during final cure 
and, therefore, enables the production 
of void-free composite parts. However, 
with respect to ability of addition poly- 
mers to resist oxidation at high temper- 
ature, NE has been a “weak link.” Con- 
sequently, for example, in order to 
enable norbornene-end-capped poly- 
imide matrices to last for lifetimes up to 


1,000 hours, it is necessary to limit their 
use temperatures to <315 °C. The pres- 
ent improved end caps are also subject 
to oxidation at high temperature, but 
they oxidize in a different manner, such 
that the long-term stability of a polymer 
made with one of these end caps ex- 
ceeds the long-term stability of the cor- 
responding polymer made with NE. 
Hence, use temperatures and/or life- 
times can be increased. 

Prior attempts to increase thermo-ox- 
idative stability of PMR polyimides were 
oriented toward formulation of end caps 
that are inherently more stable than is 
the nadic end cap. The results were not 
satisfactory in that the end caps thus for- 
mulated adversely affected processabil- 
ity, the nature of the crosslinks, and, in 
some cases, the thermomechanical 
properties of die resulting polymers. In 
the present approach, one does not at- 
tempt to formulate end caps that are in- 
herendy more stable; instead, one seeks 
nadic derivatives that exploit one of the 
modes of the thermo-oxidative degrada- 
tion of the nadic end cap in such a way 
as to retard the overall thermo-oxidative 
degradation of the affected polymers. 


Research on the aging of PMR-15 
polyimide has revealed that the degra- 
dation of the nadic end cap can occur 
via two primary reaction paths, desig- 
nated A and B (see Figure 1). On path 
A, degradation proceeds through initial 
scission and oxidative opening of the 
norbornyl ring to form a 2-hydroxy sub- 
stituted maleimide. On path B, degra- 
dation proceeds through oxidation of 
the bridging methylene of the nor- 
bornene moieties, followed by carbon 
monoxide extrusion. Aromatization of 
the resulting biradical leads to substi- 
tuted phthalimides, and related sec- 
ondary degradation products. The oxi- 
dation products of path A (including 
the 2-hydroxy substituted maleimide) 
are cleavage products that are most 
likely formed concomitantly with large 
loss of weight from the affected poly- 
mer. In contrast, the products of path B 
are more oxidatively stable and form 
with very little weight loss. 

Therefore, in the present approach, 
one seeks to formulate end caps that 
preserve desirable processing proper- 
ties of NE while favoring path B 
strongly, leading to lower weight loss 



Figure 1. The Thermo-Oxidative Degradation of a norbornenyl end cap follows paths A and B. The products of path B are more stable than are those of 
path A. 
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Figure 2. End Caps of This Molecular Structure 
have been investigated for their potential to 
increase the thermo-oxidative stability of 
polyimides. X can be CRR , where R or R' can 
be H, OH, SH, F, Cl, an alkyl, an alkoxy, or an 
aryl; alternatively, X can be a ring molecular 
substructure. 


and thus less shrinkage and cracking in 
the thermally oxidized layer of the af- 
fected polymer. Figure 2 depicts a 
generic molecular structure for a class 
of end caps that become thermo-oxida- 
tively degraded primarily along path B. 
In this structure, X maintains its stabil- 
ity during imidization (at a tempera- 
ture of 200 °C) and cross-linking (at 
315 °C). Nevertheless, following these 
critical steps, X is spontaneously con- 
verted, upon aging, to a thermally sta- 
ble capping group. 


This work was done by Mary Ann B. 
Meador and Ary eh A. Primer of Glenn Re- 
search Center. For further information , 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under 
the Materials category. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Glenn Research Center, 
Commercial Technology Office, Attn: Steve 
Fedor, Mail Stop 4—8 , 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-16987. 


ft End Caps for More Thermo-Oxidative Stability in Polyimides 

Alternatives to previous formulations have been found. 

John H. Glenn Research Center, Cleveland, Ohio 


An additional class of end-cap com- 
pounds that increase the thermo-ox- 
idative stability of polyimides of the 
polymerization of monomeric reac- 
tants (PMR) type has been invented. 
The prior class of end-cap compounds 
in this line of development is described 
in the preceding article. 

PMR polyimides are often used as 
matrix resins of high-temperature- 
resistant composite materials. Like the 
end-cap compounds described in the 
cited previous article, the present 
end-cap compounds are candidates to 
supplant the norbornene end cap 
(NE) compound that, heretofore, has 
served to limit molecular weights dur- 
ing oligomerization and, at high tem- 
peratures, to form cross-links that 


become parts of stable network molec- 
ular structures. 

To recapitulate from the previous arti- 
cle: NE has been important to process- 
ability of high-temperature resins be- 
cause (1) in limidng molecular weights, 
it enables resins to flow more readily for 
processing and (2) it does not give off 
volaule byproducts during final cure 
and, therefore, enables the production 
of void-free composite parts. However, 
with respect to ability of addition poly- 
mers to resist oxidation at high tempera- 
ture, NE has been a “weak link.” Conse- 
quently, for example, in order to enable 
norbornene-end-capped polyimide ma- 
trices to last for lifetimes up to 1,000 
hours, it is necessary to limit their use 
temperatures to <315 °C. 


Like NE and like the end caps de- 
scribed in the prior article, the present 
end caps are also subject to oxidation at 
high temperature, but they oxidize in a 
different manner, such that the long- 
term stability of a polymer made with 
one of these end caps exceeds the 
long-term stability of the corresponding 
polymer made with NE. Hence, use 
temperatures and/or lifetimes can be 
increased. 

Prior to the present line of develop- 
ment, attempts to increase thermo-ox- 
idative stability of PMR polyimides were 
oriented toward formulation of end 
caps that are inherently more stable 
than is the nadic end cap. The results 
were not satisfactory in that the end 
caps thus formulated adversely affected 



Figure 1. The Thermo-Oxidative Degradation of a norbornenyl end cap follows paths A and B. The products of path B are more stable than are those of 
path A. 
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Fast. 

Reliable. 

Safe. 

Everything 
automated 
riveting 
should be. 



Introducing POPmatic 
Point & Set™ the first 
reliable auto-feed rivet 
system. 

POPmatic Point & Set, our new 
auto-feed rivet system, delivers 
what no riveting tool has before. 
Consistent riveting at a rate 
faster than any current hand 
tool. Designed with a safe, self 
loading hopper that holds up 
to 2500 rivets, Point & Set 
accelerates the riveting process 
to previously impossible speeds, 
meeting the requirements of 
any production line. It’s reliability 
in an otherwise unreliable world. 
For more information, call us at 
203-925-4424 or visit us on the 
web at www.emhart.com 
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processability, the nature of the cross- 
links, and, in some cases, the thermo- 
mechanical properties of the resulting 
polymers. In the present approach, one 
does not attempt to formulate end caps 
that are inherendy more stable; in- 



Figure 2. End Caps of This Molecular Structure 
are alternatives to previously reported end caps 
for increasing the thermo-oxidative stability of 
polyimides. R, or R 2 or both can be alkyl, 
alkoxy, aryl, flouro, chloro, carbomethoxy, nitro, 
or another substituent. 

stead, one seeks derivatives that exploit 
one of the modes of the thermo-oxida- 
tive degradadon of the nadic end cap in 
such a way as to retard the overall 
thermo-oxidadve degradation of the af- 
fected polymers. 

Research on the aging of PMR-15 
polyimide has revealed that the degrada- 
tion of the nadic end cap can occur via 
two primary reacUon paths, designated 
A and B (see Figure 1). On path A, 
degradadon proceeds through initial 
scission and oxidadve opening of the 
norbornyl ring to form a 2-hydroxy sub- 
stituted maleimide. On path B, degrada- 
tion proceeds through oxidadon of the 
bridging methylene of the norbornene 
moiedes, followed by carbon monoxide 
extrusion. Aromadzadon of the result- 
ing biradical leads to subsdtuted phthal- 


imides, and related secondary degrada- 
tion products. The oxidation products 
of path A (including the 2-hydroxy sub- 
sdtuted maleimide) are cleavage prod- 
ucts that are most likely formed con- 
comitandy with large loss of weight from 
the affected polymer. In contrast, the 
products of path B are more oxidatively 
stable and form with very litde weight 
loss and with less shrinkage and cracking 
in the oxidized layer. 

The present end caps are formulated 
to preserve the desirable processing 
properties of NE and to undergo 
thermo-oxidadve degradadon primarily 
or exclusively along path B. Figure 2 de- 
picts a generic molecular structure for 
the present class of end caps. In this 
structure, the end cap contains no 
bridging methylene. Rather, the end cap 
is a 1,2,3,6-tetrahydrophthalic anhy- 
dride, substituted in such a way as to 
lower the cross-linking temperature 
from >415 °C to between 280 and 350 
°C. The end cap maintains its stability 
during imidization (at 200 °C) and 
cross-linking. After the foregoing critical 
steps, the end cap is spontaneously con- 
verted, upon aging, to thermally stable 
capping groups. 

This work was done by Mary Ann B. 
Meador of Glenn Research Center. For 
further information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Materials 
category. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office , Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve- 
land, Ohio 44135. Refer to LEW-1 7012. 


^Low-Density, Ablative Resin-Impregnated 
Ceramic Insulation 

Properties can be tailored for enhanced thermal protection. 

Arnes Research Center, Moffett Field, California 


Low-density, ablative thermal-protec- 
tion panels can be made by impregnat- 
ing fibrous ceramic substrates with or- 
ganic polymers. With proper design 
and fabrication, these panels can pro- 
tect temporarily against temperatures 
up to 3,500 °C or heat fluxes up to 16 
MW/m 2 . 

Like ablative thermal-protection pan- 
els of older types made of other combi- 
nations of materials, the panels of the 
present type absorb and dissipate inci- 
dent heat through depolymerization 


and charring of resins, transpiration 
(blowing of gaseous pyrolysis products 
from boundary layers), and radiation 
from charred surface layers. In compar- 
ison with panels of older types, the pan- 
els of this type are more porous; thus, 
gaseous pyrolysis products can perco- 
late more freely. The panels of the pre- 
sent type also dissipate heat through ad- 
ditional mechanisms that can include 
vaporization of ceramic fibers and radi- 
ation from the heated surfaces of the 
ceramic substrates. 
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At a heat flux in the approximate 
range of 1 to 2.5 MW/m 2 , the surface 
layer that forms on a typical panel of 
the present type includes not only a 
char formed by decomposition of the 
organic material but also the coalesced 
ends of ceramic fibers. The resulting 
char layer that builds up on the surface 
is stronger than are the char layers that 
build up on ablative thermal-protec- 
tion panels of older types, and the sur- 
face-recession rate for this panel is 
therefore lower. 

Another contribution to thermal pro- 
tection arises from a complex of addi- 
tional mechanisms that also occur at a 
heat flux in the approximate range of 1 
to 2.5 MW/m 2 : If, for example, the ce- 
ramic fibers are made of silica, then 
during pyrolysis, the organic material 
can react with the fibers to form a layer 
of silicon carbide protected by a thin, 
glassy layer of silicon dioxide. The 
glassy layer makes the panel less cat- 
alytic and thereby reduces the rate of 
convective heating. The surface is also 
highly emissive and therefore most of 
the energy absorbed at the surface is 
reradiated. The combination of re- 
duced convective heating and reradia- 
tion helps to suppress loss of mass and 
recession of the surface. 

At a heat flux in the approximate 
range of 4.3 to 16 MW/m 2 , the panel dis- 
sipates incident heat almost entirely by 
reradiation and micro spallation or evap- 
oration of the ceramic substrate. The 
combination of a resin that has a high 
char yield and a substrate that has a high 
melting temperature enables the panel 
to reradiate heat efficiently from the 
heated surface without undergoing melt- 
ing or significant mechanical failure. 

Fibrous substrates for these panels 
can be made of any of a variety of ce- 



The Fibrous Ceramic Substrate Is Impregnated 

with the resin solution in this apparatus. The im- 
pregnated substrate is then processed further 
to obtain a porous fibrous ceramic panel, the 
fibers of which are coated with a polymer. 

ramie materials; for example, silica 
(mentioned above), zirconia, boria, 
hafnia, or silicon carbide, to name a 
few. Organic materials suitable for infil- 
tration into the substrates include ther- 
moplastic and thermosetting resins. 
Substrates can be impregnated evenly 
throughout their thicknesses; alterna- 
tively, by suitable design of infiltration 


processes, one can obtain gradients in 
the densities of the polymers. 

The figure illustrates an apparatus and 
process for impregnating a ceramic sub- 
strate with a resin. The burette on top of 
the vacuum chamber is initially filled with 
a resin solution. Also initially, the beaker 
in the vacuum container is empty. The 
substrate is placed in the beaker, then the 
chamber is evacuated, then the solution 
is allowed to flow into the beaker until 
the substrate is entirely immersed. Then 
the chamber is disconnected from the 
vacuum pump and vented to the atmos- 
phere, forcing the solution into the inter- 
stices of the substrate. 

Next, the impregnated substrate is 
removed from the beaker and sub- 
jected to further processing that de- 
pends on the type of resin and the de- 
sired uniformity or gradient of density; 
for example, to achieve even impreg- 
nation with a thermoplastic resin, the 
substrate can be dried slowly in air. 
When processing is complete, the 
fibers are coated with a polymer. Typi- 
cally, the resulting panel has a void vol- 
ume fraction between 85 and 93 per- 
cent, a density between 0.17 and 0.3 
g/cm\ and a resin content between 30 
and 60 weight percent. 

This work was done by Huy K. Tran , 
William D. Henline , Ming-ta S. Hsu, Daniel 
J. Rasky, and Salvatore R. Riccitiello of 
Ames Research Center. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at unvw.nasatech.com 
under the Materials category. 

This invention has been patented by 
NASA (U.S. Patent No. 5,672,389). In- 
quiries concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent Counsel, 
Ames Research Center, (650) 604-5104. 
Refer to ARC-12011-2. 


® Solar Heating for Deployment of Foam Structures 

Local sources of energy could be reserved for other purposes. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Solar heating has been proposed as a 
means of deployment of structures of 
the type described in “Cold Hibernated 
Elastic Memory (CHEM) Expandable 
Structures,” (NPO-20394), NASA Tech 
Briefs, Vol. 23, No. 2 (February 1999), 
page 56. A few examples of structures 
that would be amenable to the CHEM 
approach include expandable shelters, 
tanks, rafts, and thermally insulating 
boxes for storing food and drinks. 

To recapitulate from the cited prior 


article: The CHEM concept is one of 
utilizing open-cell foams of shape- 
memory polymers (SMPs) to make 
lightweight, reliable, simple, and inex- 
pensive structures that can be alter- 
nately (1) compressed and stowed com- 
pactly and later (2) expanded and 
rigidified for use. A CHEM structure of 
any shape is compacted to a small vol- 
ume while in the rubbery state above 
the glass-transition temperature ( T g ) of 
the SMP. After compaction, the struc- 


ture is cooled below T g where it is 
frozen in the glassy state of the SMP. 
The compacting force can then be re- 
leased and the structure remains com- 
pact as long as the temperature is kept 
below T g . Upon subsequent heating of 
the structure above T g to the rubbery 
state of the SMP, the simultaneous elas- 
tic recovery of the foam and its shape- 
memory effect cause the structure to 
expand to its original size and shape. 
Once thus deployed, the structure can 
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be rigidified by cooling below T g to the 
glassy state. Once deployed and rigidi- 
fied, the structure could be heated 
and recompacted. In principle, there 
should be no limit on the achievable 
number of compaction/deployment/ 
rigidification cycles. 

The attractiveness of the CHEM 
structure is the wide range of T g result- 
ing in a variety of potential space and 
terrestrial applications. Experiments 
have confirmed the feasibility of this in- 
novative, self-deployable, and rigidiz- 
able structure. 

The disadvantage of CHEM struc- 
tures is that heat is needed for deploy- 
ment. The proposed use of solar heat 
would eliminate the need to deplete 
other energy sources. According to the 
proposal, a CHEM structure would be 
wrapped in a blanket made of a mate- 
rial with a high ratio between solar ab- 
sorptivity and infrared emissivity. Upon 
exposure to solar radiation, the struc- 


ture inside the blanket would become 
heated because the blanket would ab- 
sorb more heat than it would reradiate. 
Eventually, the temperature of the 
wrapped structure would increase be- 
yond T g , causing the structure to de- 
ploy itself by expanding to its full size 
and shape. After full deployment, the 
blanket would be removed, causing the 
structure to become cooled below T g 
and thus rigidified. Thermal analysis 
confirmed a feasibility of this concept 
in the Mars environment. This concept 
will also work for applications on Earth 
and perhaps perform even better than 
on Mars. 

This work was done by Witold Sokolowski, 
Art Chmielewski, and Henry Awaya of Cal- 
tech for NASA’s Jet Propulsion Labora- 
tory. For further information , access the 
Technical Support Package (TSP) free on- 
line at www.nasatech.com under the Mate- 
rials category. 

NPO-20961 


$ Fluorinated Diamondlike Carbon 
Coatings 

This material is expected to exhibit low friction and resistance 
to atomic oxygen. 

Lyndon B. Johnson Space Center, Houston, Texas 


Some experiments directed toward 
the development of improved hard, lu- 
bricious coating materials have in- 
volved direct fluorination of propri- 
etary diamondlike coats on various 
substrates. The idea is to retain the 
hardness of the diamondlike material 
while adding surface molecular struc- 
tures that impart the chemical inert- 
ness (especially resistance to erosion by 
atomic oxygen) and lubricity of fluori- 
nated polymers. 

The proprietary diamondlike coat- 
ing material is Amorphic Diamond™, 
which comprises nodules of carbon 
that have the molecular/crystalline 
structure of diamond, with sizes of 100 
to 200 nm, densely and uniformly 
packed in a net of amorphous carbon 
polytypes. This material has a low coef- 
ficient of friction and is almost as hard 
as diamond is. However, it is not brittle: 
it can withstand flexure and shock 
without cracking. It can be applied to 
plastic, polymer, metal, and ceramic 
substrates. 

In the experiments reported thus far, 
material samples coated with the dia- 
mondlike material were exposed to 
fluorine to create a surface layer of 


highly inert carbon/fluorine molecu- 
lar bonds. Fluorination did not de- 
grade the lubricity and hardness of the 
diamondlike coats. Among the samples 
were sheets of Kapton™ polyimide 5 
mils (about 0.1 mm) thick. The sheets 
remained flexible after fluorination of 
the diamondlike coats. The coating lay- 
ers were not compromised, even when 
the sheets were creased. 

At the time of submission of infor- 
mation for this article, the ability of 
the fluorinated coats to resist erosion 
by atomic oxygen remained untested. 
Also untested at that time was the com- 
bined effect of ultraviolet radiation 
and erosion by atomic oxygen (this is 
of concern because the rates of ero- 
sion of fluoropolymers by atomic oxy- 
gen have been observed to increase 
in the presence of vacuum ultraviolet 
radiation. 

This xvork was done by Mark S. Ham- 
mond and A. Wesley Moorehead of SI 
Diamond Technology , Inc for Johnson 
Space Center. For further inf ormation, ac- 
cess the Technical Support Package (TSP) 
free on-line at www.nasatech.com under 
the Materials category. 
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Now available in the 
NASA Tech Briefs 
bookstore: 

Encyclopedia 
of the Solar 
System 

Edited by 

Paul R. Weissman and 
Torrence V. Johnson of 
NASA’s Jet Propulsion 
Laboratory 

Foreword by 
Sally K. Ride 



“Four decades of the most 
exciting explorations in 
human history in one book! 
Up-to-the-minute details by 
the best writers to explore the 
solar system are wonderfully 
organized for both looking 
up quick facts and for in-depth 
study. This one pulls it all 
together. Any citizen of the 
solar system from age 8 to 80 
should own this encyclopedia.” 
— Dr. Jay Apt, Director, Carnegie 
Museum of Natural History, 
four-time Space Shuttle Astronaut 

Superbly illustrated with 
images from the Hubble 
Telescope and other 
observatories. 

Hardcover • 992 Pages 
Discount price: $96.95 

Order online: 

www.nasatech.com/store 
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Special Coverage: Composites & Plastics 


MACtac Technical Products, Stow, 
OH, offers the GS-Series™ adhesive 
tape that features instant aggressive 
tack for the permanent bonding of 
substrates in assembly and manufac- 
turing industries. This pressure-sensi- 
tive acrylic can be used with metal, 
wood, polyethylene, polypropylene, 
glass, rigid composites, hook-and-loop 
fasteners, extruded polymers, and a 
variety of other substrates. It also is 
suitable as a replacement for some 
mechanical fasteners. 

The tape has a standard thickness of 5 to 60 mils, w hich allows it to 
establish secure bonds to uneven or irregular surfaces. The adhesive 
also has gap-filling properties and serves as a moisture barrier. 
Adhesives are supplied on a 60# kraft release liner with ungummed 
edges to provide easier handling and liner removal. The tape can be 
designed and custom-formulated to meet specific applications. 


Master Bond, Hacken- 
sack, NJ, has intro- 
duced EP21AN, a two- 
part, thermally con- 
ductive adhesive sys- 
tem that works as an 
electrical insulator 
with a dielectric 
strength of >400 
volts/mil, and a vol- 
ume resisuvity greater 
than 10 ,s ohm-cm. 
The adhesive has been formulated with a non-critical 1/1 mix ratio, 
weight, or volume. 

It cures readily at ambient temperatures or more quickly at ele- 
vated temperatures. The adhesive features adhesion to a range of 
substrates including metals, ceramics, glass, and plastics. Bonds 
exhibit dimensional stability, and shrinkage upon cure is low. It is 
available in V 2 -pint, pint, quart, gallon, and five-gallon kits. 
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The 9-20557 conformal coating from 
Dymax Corp., Torrington, CT, provides 
adhesion to PCB surfaces that receive lit- 
tle to no cleaning. The cured coating 
forms a transparent layer that protects 
underlying circuitry and components 
from moisture, dust, and other contami- 
nants. The viscosity of the one-component 
coating is suitable for consistent spraying 
application through dispensing systems. 
Designed to cling to “hard to w'et” sur- 
faces, the coating does not run off of sol- 
der points and component edges. 

The coating has a secondary heat curing capability and fluoresces 
under “black” lights for coverage inspection. It cures in 20 to 30 sec- 
onds upon exposure to UV/visible light, or standard, longwave lights. 
Cure times are as short as five seconds with high-intensity lights and 
conveyor speeds of 10-20 feet per minute. The resin coating provides 
adhesion to glass-filled epoxy, metal, and ceramic surfaces. 


DuPont Performance Lubri- 
cants, Wilmington, DE, offers 
Krytox® XHT lubricants, a blend 
of low-volatility oils, additives, 
and thickeners that increase 
adhesion to protect bearing sur- 
faces subjected to high heat con- 
ditions. The lubricants are based 
on fluoropolymer technology, 
and are non-flammable, chemically inert, and do not carbonize. They 
are available with temperature ranges of up to 399°C for continuous 
use, with temperature spikes at 427°C when used with proper metal- 
lurgy and relubrication intervals. 

The lubricants are suited for exhaust diverters, deicing systems, 
thrust nozzles, and other aerospace components, as well as the auto- 
motive industry, paint plant conveyor bearings, corrugator and paper 
machine bearings, welding machines, high-temperature fans, and 
valve lubrication. Krytox is a white, non-migrating lubricant compati- 
ble with all elastomers and plastics. 
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ABLETHERM 5 3100 Series ther- 
mal interface materials for flip- 
chip BGA packages are available 
from Ablestik Laboratories, 
Rancho Dominguez, CA. The 
materials feature thermal per- 
formance, low modulus, and 
high adhesion. They have low 
moisture absorption, contribut- 
ing to adhesive reliability during 
200 hours HAST exposure. 

The material’s low stress 
bond between the chip and 
thermal lid survives 1,000 tem- 
perature cycles under condition B (-75°C to 125°C) without delam- 
inating. The adhesive properties of the materials enable use for 
FCBGA lid attach applications. The materials also feature dispens- 
ability and rheology, allowing them to be incorporated into stan- 
dard dispensing processes. 


TRA-BOND 8-2 
thermally conduc- 
tive epoxy adhesive 

from Tra-Con, 
Bedford, MA, 
bonds difficult-to- 
bond metals such as 
gold, silver, copper, 
brass, and solder. 
Designed as an 
instrument adhe- 
sive, the epoxy 
offers thermal con- 
ductivity, high strength, and temperature resistance to 150°C. The 
blue epoxy has a dielectric strength of 500 volts/mil, and a work- 
ing life of four hours at 25°C. 

The epoxy has a shelf life of one year. Lap shear from aluminum to 
aluminum is 2,300 psi; lap shear from gold to gold is 2,600 psi. It is 
available in custom bipax, or pre-mixed and frozen. 
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Fiber Lasers Come 

to the 

Ultrafast Realm 


Optical fiber enables robust 
ultrashort-pulse laser designs for use in industry. 


C ommercial applications using 
ultrashort laser pulses are begin- 
ning to arise, particularly in the 
fields of materials processing, medicine, 
metrology, and microscopy. These appli- 
cation areas have a need for a source 
that not only meet particular optical de- 
sign requirements — pulse duration, 
peak power, energy, and wavelength — 
but also must be ready to use outside of 
the more traditional laboratory environ- 
ments where ultrashort-pulse laser sys- 
tems have been used until now. Ad- 
vances in the development of solid-state 
lasers have shown promise for use in in- 


dustry, but in particular fiber lasers ap- 
pear to hold many advantages that will 
allow ultrafast technologies to take root. 

“Ultrashort” pulses, bursts of laser en- 
ergy on the order of 1 picosecond (10 1J 
sec) or less, are thousands of times 
shorter than pulses from conventional 
Q-switched lasers. Ultrashort laser pulses 
enable applications that have a require- 
ment for such things as high temporal 
resolution (metrology), and high spatial 
resolution and high peak powers (mate- 
rials processing including some medical 
applications, and also some forms of 
microscopy). 


As an example, ultrashort pulses have 
been shown to cleanly ablate a wide vari- 
ety of materials with minimum damage 
to the surrounding material because of 
excessive local heating or shock. The 
types of “materials” can also include tis- 
sues such as dentin or the cornea. In 
fact, an ultrashort-pulse laser has been 
approved for use as a laser microker- 
atome in the field of ophthalmology', re- 
placing the use of a mechanical blade to 
open the corneal flap during the course 
of the procedure. 

For this and many biomedical applica- 
tions such as spinal and heart surgery, 
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pulse energies in the range of 1 to 100 mi- 
crojoules and repetition rates of 100-250 
kHz appear to be appropriate. For other 
types of materials processing not involv- 
ing ablation, but merely damage of mate- 
rials (for instance, to modify the refrac- 
dve index of glass), more modest pulse 
energies of nanojoule level at higher rep- 
etition rates (\-S0 MHz) can be used. 
These higher-repetition-rate lower-en- 
ergy lasers are also suitable for many 
metrology and microscopy applications. 

“Flexible” fiber laser 
technology 

Fiber optic technology is well known 
to have advanced telecommunications 
in recent years. In the wake of this 
progress, components such as pump 
laser diodes and rare-earth-doped opti- 
cal fibers have been engineered to a 
high degree, and are routinely used in 
products with lifetimes predicted to last 
into the tens of years. Utilizing this 
highly reliable technology base, IMRA 
America has developed a variety of ultra- 
short fiber lasers to meet different wave- 
length, pulse energy, and peak power 
needs. All of this is done in conjunction 
with careful engineering of the fiber 
laser system to make it easy to use, 
turnkey, robust, and reliable for indus- 
trial use. 

This drive for robust turnkey technol- 
ogy to suit industrial environments is be- 
hind the design concepts used by IMRA 
in the development of the Femtolite, 
Watdite, and FCPA lasers. The heart of 
these lasers is IMRA’s Femtolite technol- 
ogy, providing 1560-nm femtosecond 
pulses at 50 MHz. This erbium-doped 
fiber-based oscillator and amplifier sys- 
tem is environmentally stable, operating 
at ±15 degrees C. Modelocked using a 
semiconductor saturable absorber, the 
oscillator starts up within a second and 
does not suffer pulse dropout, which is 
possible with other solid-state mode- 
locked laser technology. The footprint 
of this portion of the system is about 9 by 
5 in. — achieved with a fiber cavity length 
of a few r meters — because of the ability to 
coil fiber into a small space. The result- 
ing output at 1560 nm is up to 1.2 nano- 
joules with a few kilowatts peak power 
and less than 200-fs pulses. Optional fre- 
quency-doubled output at 780 nm of up 
to 0.5 nj and less than 200-femtosecond 
pulses is also available. 

In order to obtain light at 1040 nm for 
IMRA’s ytterbium fiber amplifier-based 
Wattlite (see the figure), the output of 
the 1560-nm Femtolite is Raman-shifted 
in fiber to obtain 2080-nm radiation and 
then directed through a second-har- 
monic generator, in this case a piece of 


periodicallv-poled LiNbO* (PPLN). The 
resulting 1040-nm light is used to seed a 
very efficient Yb-amplifier fiber. The am- 
plifier is a double-clad fiber, cladding 
pumped using high-brightness laser 
diodes that provide a few watts of power. 
Through proper optical design, this sys- 
tem produces a few hundred milliwatts 
of 1040-nm light with broad bandwidth, 
compressible to less than 100 femtosec- 
onds. Again, optical frequency doubling 
can provide nanojoule femtosecond 
520-nm pulses. 

To achieve even higher pulse ener- 
gies, IMRA’s FCPA (fiber chirped-pulse 
amplification) laser uses the Wattlite as a 
seeder for a further Yb-amplifier stage, 
also adding two stages of acousto-optic 
modulators to “down-count” the repeti- 
tion rate in order to extract more energy' 
during amplification. Energies of 2-10 
microjoules are typically available from 
FCPA systems at repetition rates of up to 
250 kHz. 

An alternative high-pulse-energy tech- 
nology', PCPA (parametric chirped-pulse 
amplification), uses stretched pulses 
from the Femtolite seed laser described 
above, along with a Q*switched microchip 
laser pump for extremely efficient ampli- 
fication of 1560-nm light in PPLN. 

Engineered to last 

Beyond the flexibility for laser design 
in terms of wavelength and pulse en- 
ergy, fiber lasers hold several advan- 
tages in ease of use and long-term op- 
eration, which are both relevant for 
industrial use. As stated above, many of 
the components used in the system are 
telecommunications-grade, providing 
long lifetime over a range of operating 
conditions. 

Turnkey wall-plug operation is 
achieved by use of semiconductor laser 
diode pump sources as the fiber’s optical 
gain medium. The water cooling neces- 
sary for some solid-state lasers is avoided 
because cooling of several-watt pump 
laser diodes can be achieved by convec- 
tion and conduction. 

A major advantage of fiber laser de- 
sign above other solid-state laser systems 
is the fact that the laser cavity comprises 
only short “free-space” optical paths that 
are based on single-mode fiber optics. 
This yields the excellent pointing stabil- 
ity' and TEMoo operation inherent to the 
system. Typical pointing stability 
achieved by a 1040-nm Wattlite laser is 
less than 20 microradians RMS, which is 
an order of magnitude better perfor- 
mance than solid-state technology' usu- 
ally achieves. This is extremely impor- 
tant when a laser beam is used in an 
instrument or another permanent or 


OEM setup because it enables system de- 
signers to discount beam wander. 

Nonlinear effects can be exploited 
and/or avoided selectively in fiber sys- 
tems, which are very efficient nonlinear 
media, but also highly dispersive. Non- 
linear effects are used efficiently for fem- 
tosecond pulse generation in the Femto- 
lite oscillator (a soliton pulse generator), 
as yvell as in the wavelength-shifting 
Raman-shifting fiber stage in the Watt- 
lite. By stretching die pulse duration in 
the FCPA and PCPA laser systems, using 
the well-known chirped-pulse amplifica- 
tion technique, high energy extraction 
without pulse shape and final duration 
distortion can be achieved. This stretch- 
ing can be achieved using long fibers or 
fiber Bragg gratings. Generation of soli- 
tons in (bulk) solid-state lasers is not 
achievable yvithout use of fibers, while 
pulse stretching is generally done with 
ruled gratings, which leads to extra com- 
plexity of design. 

Another aspect of fiber laser design is 
that the cavity can be packaged in an en- 
tirely different (and more compact) 
geometry than solid-state lasers. A solid- 
state modelocked laser cavity of 3 meters 
free space takes only about 2 meters in 
fiber, due to the refractive index of the 
fiber material being about 1.5 times that 
of air, which can be made into a flat coil 
of about 4 in. in diameter. Using fiber 
pigtailed pump laser diodes also takes 
little space, with the free-space optical 
portions of the laser system and high- 
power laser diodes taking up the greater 
part of the packaging. 

Fiber lasers can also use the flexibility 
of the fiber to advantage in cases where 
delivery of the output laser beam to a po- 
sition remote from the laser head is nec- 
essary. In particular, in the Wattlite laser 
system, fiber delivery between the main 
laser head and a small (4 in. x 6 in.) out- 
put box can be achieved. This allows a 
user to locate the free-space output from 
the output box at about 0.5 m away from 
the 8'A -in. x 11-in. laser head. Further- 
more, the output box provides the com- 
pressed, and optionally doubled, output 
directly at the application point, without 
need for extra steering mirrors. 

The small footprint, ease of use, and 
highly stable output beam from IMRA’s 
femtosecond fiber laser technology 
make these lasers a natural choice for 
industrial and OEM use. 

For further information , please contact the 
authors of this article, Dr. Michelle L. Stock 
and Dr Gregg Sue ha, product managers, 
and Dr. Heinrich Endert, vice president of 
marketing, at IMRA America, 1044 
Woodridge Ave., Ann Arbor, MI 48105; 
(734) 930-2560; iuww.imra.com. 
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The Diversification of Ultrafast Lasers 

The "one-box” concept takes hold. 


Reflector 


A n ultrafast laser is a source that gener- 
ates pulses in the picosecond (10 1_ ) 
or femtosecond (10‘ 15 ) regime, achieved 
through a technique known as mode- 
locking. In their early days, developers of 
ultrafast lasers focused mainly on improv- 
ing performance, resulting in shorter 
pulses with ever higher peak powers. But 
in the past few years, manufacturers have 
concentrated on improving reliability, 
ruggedness, package size and ease of use. 
This product revolution has resulted in 
the “one-box” ultrafast oscilla- 
tor and the “one-box” ultrafast 
amplifier. These offer a turnkey 
simplicity that has, in turn, 
spurred considerable growth 
and diversification in applica- 
tions for ultrafast pulses, from 
biomedical imaging to materi- 
als processing. 

Mode-Locked Lasers 

Most continuous-wave (CW) 
lasers have multi-longitudinal 
mode output. If the phase rela- 
tionship between these modes 
can be fixed, or locked, then 
the modes constructively inter- 
fere at some point in the cavity and de- 
structively interfere elsewhere, resulting 
in a single circulating pulse. Each time 
this pulse reaches the output coupler, 
part of it escapes the laser cavity (see Fig- 
ure 1). The output thus consists of a 
stream of pulses separated in time by the 
interval of the light’s circulation around 
the laser cavity. 

In practice, mode-locking can be ei- 
ther active or passive. In active mode- 
locking, the gain of the cavity is modu- 
lated at the cavity round-trip time, e.g., 
by use of an acousto-optic modulator. 
Passive mode-locking utilizes a pas- 
sive intracavity element that favors 
the high peak power characteristic of 
mode-locked pulses. 

In principle, any CW laser can be 
mode-locked. But because the dura- 
tion of the pulse is inversely propor- 
tional to its spectral bandwidth, 
shorter pulses can only be achieved 
by using wide-bandwidth lasing mate- 
rials. Furthermore, the laser material 
and cavity optics must be able to with- 
stand the transient peak powers gen- 
erated by mode-locking. And lastly, 
the laser material must be compatible 
with simple product implementation. 


Ti:sapphire and the Solid-State 
Revolution 

The titanium:sapphire (or Tiisap- 
phire) mode-locked oscillator uniquely 
meets all the foregoing requirements, 
and virtually all commercial femtosec- 
ond lasers are currendy based on this 
solid-state material. Tiisapphire has a 
broad spectral emission from <700 to 
>1000 nm, enabling mode-locked pulses 
as short as a few femtoseconds. Just as 
important, Ti:sapphire crystals are sta- 


Individual Cavity Modes 



Figure 1. In a mode-locked laser, the longitudinal cavity 
modes interfere with each other. Because of their slightly 
different wavelengths, there is only one point in the cavity 
where they constructively interfere, producing a short pulse 
of light, which travels around the cavity. 


ble, broadly available, and offer a high 
damage threshold. Moreover, Tiisap- 
phire oscillators can be designed to op- 
erate using active or passive mode-lock- 
ing materials. 

Because they require optical pumping 
with green or blue light, early Ti:sapphire 
lasers were pumped with power-hungry 
argon ion lasers. However, frequency-dou- 
bled diode-pumped Nd:YV0 4 lasers at 532 
nm with several watts of CW power were in- 
troduced in 1996. Since then, these all- 
solid-state lasers have been the pump 
sources of choice, because they are simple, 



Figure 2. The latest "one-box” lasers are ex- 
tremely compact and rugged. This photo 
show a typical example, the Spectra-Pnysics 
Mai Tai®, with and without its cosmetic outer 
cover. 


rugged, and compact, with no requirement 
for cooling water or a high-v oltage supply. 

The typical commercial Tiisapphire 
oscillator produces up to 2 watts of av- 
erage power, with a pulse width of <100 
femtoseconds, a pulse energy of several 
tens of nanojoules, and a pulse repeti- 
tion rate around 80 MHz. These pulse 
energy levels are sufficient for a num- 
ber of applications. In some instances, 
however, it is more important to have 
much higher pulse energies (and peak 
powers) rather than a high 
pulse-repetition rate. These 
needs can be met by amplify- 
ing the laser pulse, using a re- 
generative amplifier. 

A regenerative Tiisapphire 
amplifier acts by picking off an 
individual pulse from the out- 
put of a mode-locked Tiisap- 
phire oscillator, using an elec- 
tro-optic modulator. The 
selected pulse is injected into 
and trapped in a regenerative 
cavity, which contains an opti- 
cally pumped Tiisapphire crys- 
tal. The pulse circulates 
around the cavity, and each 
time it passes through the crystal it gains 
energy. After several passes, the ampli- 
fied pulse is ejected and a new pulse is al- 
lowed to enter the amplifier cavity. A typ- 
ical regenerative amplifier is the 
Spectra-Physics Spitfire®, which pro- 
duces pulse energies up to 2.25 mj and 
operates at repetition rates up to 5 kHz. 

The regenerative amplifier requires a 
pulsed visible pump source with kilo- 
hertz repetition rates to excite the 
Tiisapphire crystal in the cavity. Here the 
best choice is a diode-pumped fre- 
quency-doubled Q-switched NdiYLF 
solid-state laser, which delivers output 
at 527 nm without the need for ex- 
ternal cooling water or high-power 
three-phase utility. 

Of course, a number of research 
applications require the ability to 
produce ultrafast pulses over a wide 
range of wavelengths. This need is 
met by driving a commercial optical 
parametric amplifier (OPA) with the 
800-nm output of a “one-box” Tiisap- 
phire amplifier. A state-of-the-art 
OPA with harmonic generators pro- 
duces ultrafast laser pulses that are 
tunable from the UV (<300 nm) to 
the IR (>10pm). 
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Rugged ''One-Box" Packaging 

There are many applications and po- 
tential applications for ultrafast pulses, 
beyond the traditional research areas of 
laser photophysics and photochemistry. 
In order to support these applications, it 
is vital that the laser provide rugged sim- 
plicity and that it can be fully utilized by 
virtually anybody. It is also important to 
minimize the size and complexity of 
these laser systems. 

In response to this market need, Spec- 
tra-Physics and others have developed 
integrated “one-box” ultrafast oscilla- 
tors, where the entire laser system — 
pump and mode-locked Tiisapphire 
laser — is enclosed in a single sealed 
head that combines rugged reliability 
with stable hands-free operation. 

There are two key aspects to this tech- 
nology: these new lasers udlize all-solid- 
state technology throughout, and all the 
optics are assembled and mounted on 
monolithic aluminum structures in 
order to fully exploit the inherent stabil- 
ity of the technology. Just as important, 
the laser is designed so that no manual 
optical adjustments are required. 

Another cridcal part of the design is to 
place the diode laser bar of the pump 
laser remotely in the power supply, and to 
use fiber opdcs to couple its output into 
the system. The long-lived bars can thus 
be field-replaced, without optical align- 
ment. Combining these design factors 
with modern optical mounting tech- 
niques has led to the successful develop- 
ment of the sealed mode-locked Tiisap- 
phire laser head, typically measuring only 
60 by 35 cm (see Figure 2). All opera- 
donal parameters can be computer-con- 
trolled through a software interface. 

Initial models offered femtosecond 
pulses at a fixed wavelength, usually fac- 
tory-set at 800 nm. Within the past few 


years, two variations of this basic product 
have emerged. The design of an auto- 
mated dispersion compensation scheme 
has enabled the development of the 
Spectra-Physics Mai Tai®, the first “one- 
box” ultrafast (<100 fs) oscillator with 
widely tunable output (750-850 nm, or 
780-920 nm) — again with no manual ad- 
justments. In addition, the development 
of saturable Bragg reflectors (SBR), 
under license from Lucent Technolo- 
gies, and negative dispersion mirrors has 
enabled reliable self-starting “one-box” 
solutions capable of producing ultra- 
short (<30 fs) pulses. 

Similar progress has been made in 
the simplification of amplified lasers. 
Here the scenario is a little more com- 
plicated, with the Tiisapphire oscilla- 
tor, the Tiisapphire regenerative cavity, 
and the pump laser for the amplifier. 
In today’s systems, however, it has again 
proven possible to fully exploit the 
high stability attainable with diode- 
pumped solid-state technologies. The 
result is a compact “one-box” closed 
laser head, albeit somewhat larger than 
a self-contained Tiisapphire oscillator. 
One example is the Spectra-Physics 
Hurricane®, which produces sub-1 30- 
femtosecond pulses with pulse energies 
of up to 1 mj and operates at repetition 
rates of up to 5 kHz. The laser head 
measures only 100 by 72 cm, and again 
all functions can be controlled through 
a software interface. 

A Host of Applications 

The advent of hands-free ultrafast 
lasers is causing a dramatic mindshift in 
the way end users and systems integra- 
tors regard ultrafast technology. The ul- 
trafast source is no longer the main 
focus of the experiment, requiring con- 
stant attention by a dedicated techni- 


Femtosecond Laser Micromachining 


Stainless Steel 



Figure 3. Amplified ultrafast lasers can 
cut and drill a wide range of materials 
with great precision. These photos show 
holes in both steel (left) ana fused silica 
machined by trepanning with the output 
beam of a Spectra-Physics Hurricane 
laser. (Photo courtesy of Exitech Limited.) 
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cian. Indeed, these latest lasers are now 
seen as tools that can be applied to a 
host of interesting experiments and 
commercial applications, and even inte- 
grated into OEM equipment. 

One of the leading applications for 
tunable ultrafast oscillators is multipho- 
ton 3D imaging. Here the laser is tightly 
focused through a microscope into a 
sample. The peak power density at the 
beam waist is high enough to drive two- 
and three-photon absorption. Elsewhere 
in the sample, the power density is too 
low for these nonlinear effects. Unlike 
conventional confocal microscopy, this 
natural spatial discrimination obviates 
the need for a confocal pinhole for 
imaging the sample’s fluorescence. A 
high-resolution three-dimensional im- 
age of the specimen is created by scan- 
ning the focused beam through the 
sample. 

There are now many variants on this 
technique, including microscopy, multi- 
focal excitation, and third-harmonic 
generation (THG) imaging of transpar- 
ent membranes and interfaces. Coher- 
ent anti-Stokes Raman spectroscopy 
(CARS) is widely used to probe molecu- 
lar vibration. Related techniques are 
also used to investigate semiconductor 
materials and integrated circuits, such as 
two-photon optical beam-induced cur- 
rent (OBIC) imaging, which can be used 
for IC failure analysis. 

New materials processing methods 
usirm uhrafast lasers are showing 
promising results. The high peak 
power of a femtosecond Ti:sapphire 
amplifier induces material ablation 
through multiphoton ionization. Be- 
cause of the short interaction time, 
heat diffusion from the laser’s focus 
into the surrounding area is very lim- 
ited, thereby minimizing collateral 
damage. Ultrafast materials processing 
allows the machining of subwavelength 
feature size, which is not feasible with 
the nanosecond lasers widely used in 
laser ablation. Furthermore, because 
the multiphoton interaction with the 
material does not require direct ab- 
sorption, ultrafast amplifiers can be 
used to process a wide spectrum of ma- 
terials (see Figure 3). 

In conclusion, ultrafast lasers have 
transitioned from complex, sensitive sys- 
tems used only under controlled labora- 
tory conditions to compact, reliable 
turnkey products. They are suitable for a 
variety of industrial and OEM uses and 
will enable the emergence of new, excit- 
ing applications of ultrafast laser pulses. 

For more information , contort Arnd Krueger 
of Spectra-Physics Lasers; (650) 966-5447; 
fax: (650) 969-3546; akrueger@splasers.com. 
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Commercial-Tolerance Superachromatic Near-IR Lens System 

Diffraction-limited performance is obtained even when tolerances are relaxed somewhat. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


Optical Glass (Schott SF6 or Equivalent) 
CaF 2 \ 

XA 


25 mm 


Lens Surface 

Radius of 

Axial Distance to Next Lens 

(Numbered From 

Curvature. 

Surface, Proceeding Left to 

Left to Right) 

Millimeters 

Right, Millimeters 


1 220.44983 5.000000 

2 -164.38136 2.000000 

3 -202.29996 9.008424 

4 -1017.12545 2.000000 

5 51.05997 5.869715 

6 -78.67031 7.55741 1 

7 -61.82362 11.000000 

8 -167.37928 


This Four-Element Lens gives diffraction-limited performance at wavelengths from 0.8 to 1.7 pm. 




The figure depicts the optical lay- 
out and meridional-plane ray-trace di- 
agram of a four-element superachro- 
matic near-infrared (IR) lens system. 
The system features a 30-mm-diame- 
ter entrance pupil, a focal-length-to- 
diameter ratio (f/ number) of 4, and 
a field of view with a half-cone-angle 
width of 0.25°. 

This optical design incorporates 
three key features: 

1. Spectral bandwidth greater than 
one octave in the near IR. 

2. Exceptionally low design geometric 
and chromatic aberrations. [Design 
root-mean-square (rms) geometric 
spot diameter <1 pm.] 

3. Commercial-level optomechanical 
tolerances for diffraction-limited 
performance. 

This system was designed to replace a 
prior lens system that could not satisfy 
the applicable performance require- 
ments because its tolerances were too 
tight. This system offers diffraction-lim- 
ited performance over the wave- 
length band from 0.8 to 1.7 pm, even 
when the component lenses are fabri- 
cated and assembled with commer- 


cial-level optomechanical tolerances. 

This work was done by Hiroshi Kado- 
gawa of Caltech for NASA’s Jet Propul- 
sion Laboratory. For further information , 


access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under 
the Physical Sciences category. 
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Software for Multidisciplinary Concurrent Optical Design 

An optical designer can collaborate with other experts at different locations. 

Marshall Spaceflight Center, Alabama 


The Integrated Optical Design Ana- 
lyzer (IODA) is a computer program 
that facilitates multidisciplinary concur- 
rent engineering of highly precise opti- 
cal instruments. (IODA should not be 
confused with a multidisciplinary opti- 
cal-system-analysis program, called 
“IMOS,” that has been reported previ- 
ously in NASA Tech Briefs.) IODA facili- 
tates the exchange of data among ana- 
lysts, designers, and other experts in 
different disciplines (e.g., optics, struc- 
tural analysis, heat transfer, and elec- 
tronics) needed for accurate design. 
IODA integrates the modeling efforts 
of a team of such experts and provides 
simplified means for performing design 
trade studies. 

IODA enables an optical designer to 
utilize advanced technical models, de- 
veloped by experts in engineering disci- 


plines other than opdcs, to optimize 
the design of an optical instrument. 
The optical designer need not be famil- 
iar with the details of the models. IODA 
is compatible with the Internet and can 
therefore enable the optical designer to 
integrate design inputs from other ex- 
perts on the design team performing 
analyses on different computers at dif- 
ferent locations. 

In a sense, IODA can bring the vari- 
ous models developed by other experts 
to the optical designer’s home com- 
puter system for use in the design 
process. IODA provides the optical de- 
signer with a user-friendly graphical 
user interface that enables this designer 
to easily gain access to the various mod- 
els developed by other experts and ma- 
nipulate selected model characteristics 
that influence the performance of the 


optical instrument to be designed. 
IODA then submits each model thus 
modified to its native computer system, 
receives the results of the computation 
on the modified model, and integrates 
the results with the detailed optical 
model for evaluation of the perfor- 
mance of the instrument. 

This work was done by James D. Moore, 
Jr., and Charles P. DePlachett of SRS Tech- 
nologies for Marshall Space Flight Center. 
For further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Information 
Sciences category, or contact SRS Technolo- 
gies at (256) 971-7000. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center; (256) 544-0021. Refer 
to MFS-31452. 
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Multibeam Beacon 
Laser Assembly 

Scintillation is reduced, 
relative to a single-laser-beam 
beacon. 

NASA 5 Jet Propulsion Laboratory, 
Pasadena, California 

An optical assembly that combines 
the output of mutually incoherent 
lasers into a multibeam source for 
transmission into free space was de- 
signed, assembled, and tested. This de- 
sign was motivated by the need for 
ground-based beacon sources required 
for broadcasting laser beams to space- 
borne, satellite-to-ground free-space 
optical communications systems. These 
beacons will provide a pointing and 
tracking reference for the spaceborne 
optical communications system and be 
used to uplink commands and data to 
the spacecraft. The assembly was field 
tested by broadcasting the beams 
through a 0.6-m-aperture telescope 
over a mountaintop-to-mountaintop 
45-km atmospheric path, with receiving 
sensors located at the other end. The 
key advantages of the design are the 
following: 

• Reduction in atmospheric-turbu- 
lence-induced irradiance fluctua- 
tions, due to incoherent averaging of 
the overlapping beams in the far 
field, effectively eliminating or 
greatly reducing fades experienced 
by the spaceborne sensor. 

• The distribution of the required opti- 
cal power among multiple beams, 
which in some cases allows greater 
optical throughput without exceed- 
ing the damage threshold of optical 
surfaces and in other cases can help 
maintain eye-safe irradiance levels at 
the transmitting aperture. 

The assembly (see figure) includes 
four multimode fiber-coupled (62.5- 
pm core) laser diodes emitting at ~780 
nm. The output of each laser is further 
split into two beams, using multimode 
fiber-optic splitters. The resulting out- 
puts are each free-space coupled 
through 11-mm focal length collima- 
tors, resulting in an optical power of 
~10 mW per beam. The collimated out- 
puts are then aimed radially toward 
eight right-angled prisms (see figure) 
arranged symmetrically about the opti- 
cal axis of an optical train consisting of 
a positive combining lens, followed by a 
negative doublet lens, and finally a 
field lens at the Coude focus of the tele- 
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SNF LASERS 

Uniform intensity profile 
Focusable 
ESD-protected 
Two-year warranty 


Many 

patterns 

available 


Mini Lasers 

• Compact and lightweight 
(10 mm diameter) 

• Uniform intensity profile 

• Focusable 

• ESD-protected 

• Two-year warranty 

DLS and DLSC Lasers 

• Pointer beam 

• Circular or elliptical beam 

• Rugged, industrial-grade design 

• Focusable 

• Two-year warranty on elliptical beam, 
One-year on circular beam 

Magnum Lasers 


High power line generator 
Uniform intensity profile 
Visible red up to 750 mW at 670 nm 
Infrared up to 4 W 
Pigtail also available 


MFL Micro-Focus Lasers 

• Projects down to 5.5 pm line thickness 

• Ideal for precision inspection 

• Uniform intensity profile 

• Two-year warranty 


Customizing lasers for 10 years 
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Combining Lens: Effective 
Focal Length 355 mm 



Laser Diode 
(One of Four) 


50-50 Fiber-Optic 
Splitter 


Collimator 
(One of Eight) 


Prisms 
(Two of Eight) 


Telescope Primary Mirror 
Image, 24 in. Diameter, 

1 1 in. Secondary Diameter, 
A/42, Effective Focal 
Length = 25.6 m 


The schematic shows how Eight Laser Beams are copropagated through a single telescope aperture. The inset shows a photograph of the individual laser 
spots on the telescope primary mirror. The beams overlap in the far-field and noncoherent averaging causes the atmosphere-induced intensity fluctuations 
(scintillation) to be eliminated or greatly reduced. 


scope. The telescope focal length used 
was 25 m. The entire optical assembly 
was chosen to provide a 123-prad full- 
width (100-percent energy) beam di- 
vergence that also corresponded to ~42 
mm subaperture spots arranged sym- 
metrically on the primary mirror of the 
transmitting telescope. 

The inset accompanying figure 
shows beam spots on the primary mir- 
ror. The spot sizes varied between 33 
and 48 mm, resulting in a range of 
beam divergences. 

In field tests, the expected reduction 
in atmospheric-turbulence-induced ir- 
radiance fluctuations was ascertained by 
measuring the normalized variance of 


the received power. Thus, an observed 
normalized variance range (also called 
scintilladon index) of 0.8 to 1.3 ob- 
served for single beams was reduced to 
0.13 to 0.55 upon combining all eight 
beams. The range of observed normal- 
ized variances was recorded over three 
separate campaigns conducted between 
June and September of 2000. The ob- 
served range of values is attributed to 
the variations in ( 1 ) the extent of beam 
overlap achieved and (2) variations in 
atmospheric turbulence over the pe- 
riod of measurements. 

This work was done by Malcolm Wright , 
Abhijit Biswas , Norman Page , and Babak 
Sanii of Caltech for NASA’s Jet Propul- 


sion Laboratory. For further informa- 
tion, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Physical Sciences category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be addressed to 
Intellectual Property group 

JPL 

Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-21119, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


Improved Fiber-Pigtailed Non-Planar Ring Oscillator Laser 

Parts are held in stainless-steel housings that are laser-welded together. 

NASA 5 Jet Propulsion Laboratory, Pasadena, California 


An improved non-planar ring oscilla- 
tor (NPRO) of the fiber-pigtailed type 
has been developed. The improve- 
ments over prior lasers of this type lie 
in details of design and construction 
that are intended to enhance mechani- 
cal stability and thereby increase the 
stability of optical performance. 

A description of the prior art is nec- 
essary to put the improvements in per- 
spective: A basic NPRO laser includes a 
specially shaped laser crystal that serves 
as the laser cavity. The input and out- 
put optical paths in the crystal intersect 
at a common point on the surface of 
the crystal. The laser crystal is pumped 
by a laser diode, the output of which is 
coupled into the crystal via a cylindrical 
lens and a grating-index-of-refraction 
(GRIN) rod lens. Because of the mono- 
lithic nature of the laser cavity, the laser 
frequency is highly stable. Magnets 


placed near the crystal ensure unidi- 
rectional lasing. A quarter-wave plate 
converts the elliptically polarized out- 
put laser beam into a linearly polarized 
beam, and an optical isolator blocks 
undesired feedback to the laser. In the 
case of an NPRO of the fiber-pigtailed 
type, some components for output cou- 
pling to an optical fiber are included in 
the laser package. 

In a fiber-pigtailed NPRO laser pack- 
age of prior design, all of the aforemen- 
tioned optical components are 
mounted, variously, by use of solder, 
epoxy, or screws on two substrates. In 
turn, the two substrates are joined to 
each other by solder at three points. 
The combination of solder, epoxy, and 
screws is vulnerable to long-term me- 
chanical instability that can degrade crit- 
ical alignments of optical components, 
thereby reducing the net output power. 


In the improved NPRO ring laser, 
the need for critical alignment of the 
laser-diode pump, lenses, and laser 
crystal is eliminated because the laser- 
diode light is coupled to the laser crys- 
tal via a bare optical fiber. The NPRO 
crystal, a heater plate, and a thermistor 
are placed inside a monolithic, 304L- 
stainless-steel monolithic block hous- 
ing by use of a precise tool, then 
bonded together by use of solder; these 
are the only components bonded by 
solder. The other optical components 
are made with 304L-stain less-steel hous- 
ings, most of which are laser-welded to 
the monolithic block housing, except 
one that is laser-welded to another 
housing that is, in turn, welded to the 
monolithic block housing, as described 
in the next paragraph. Laser welding of 
these parts is superior to soldering and 
epoxy bonding and is expected to con- 
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It's ultraEASY to carry these ultraCOMPACT 
lasers to your ultraFAST applications! 

From the very beginning, IMRA America's vision has 
been focused on bringing ultrafast technology out of 
the laboratory and into the real world for industrial, 
instrumentation, and medical use. Based on revolutionary 
fiber laser technology, IMRA's ultrafast lasers are 
leading the way. 

These highly stable, fully fiber-baseu lasers provide 
ultrashort pulses at emission wavelengths of 1560/780 nm 
(Enfiber) or 1040/520 nm (Yb:fiber). All models are 
ultra-compact, truly turnkey, and are maintenance free. 
All these features - combined with very rugged design 
and no need for external cooling - enable very easy 
integration into your applications. 

Engineered for commercial, OEM, and research 
applications, IMRA's ultrafast fiber lasers are setting 
the standard for reliability and long life. 


At SPIE Photonics West 2001, IMRA's Wattlite 100 
was awarded the "2000 Photonics Circle of Excellence" 
(Photonics Spectra) and IMRA's FCPA-2 laser 
was awarded the "2001 Commercial Technology 
Achievement Award" (Laser Focus World). 


For Free Info Circle No. 473 or Enter No. 473 at www.nasatech.com/rs 
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Introductory Kit or 
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On-Line Today! 
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products/optical/selector.htm 


^ DYMAX 
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^ 51 Greenwoods Road. Torrington. CT 06790 

Phone: (860) 482-1010 


High Performance 
Optical Adhesives 


4 Low Strain 
4 Low Stress 
4 High Strength 
4 Multiple Refractive 
Indexes 

4 Cure in Seconds 
4 No Secondary Cure 
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tribute greater mechanical stability. 

In the improved laser as in a typical 
prior NPRO ring laser, the laser beam 
is coupled to an output single-mode 
optical fiber via a GRIN rod lens, 
which, in this case, is held in a 304L- 
stainless-steel housing. A novel proce- 
dure for alignment of the GRIN rod 
lens is based on the observadon that if 
the beam is centered on the input face 
of the lens, then the beam emerges 
perpendicularly to the output face of 
the lens. Once the GRIN rod lens has 
been aligned, its housing is laser- 
welded to the monolithic block hous- 


ing. The output optical fiber is held in 
a ferrule in a housing that, in turn, is 
laser-welded to the housing of the 
GRIN rod lens housing. Because the 
axis of the fiber is held parallel with the 
output beam emerging from the GRIN 
rod lens, this arrangement helps to 
maximize output coupling. 

This work was done by Duncan Liu of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information , access the 
Technical Support Package (TSP) free on- 
line at www.nasatech.com under the Physi- 
cal Sciences category. 

NPO-20885 


Computing Atmospheric Profiles From 
Spectral Measurements 

NASA 5 Jet Propulsion Laboratory , Pasadena , California 


The SEASCRAPE computer pro- 
gram estimates the composition, tem- 
perature, and pressure of the atmos- 
phere as a function of position by 
fitting remote-sounding spectroscopic 
data to a mathematical model of the 
transfer of radiation through the at- 
mosphere. SEASCRAPE consists of two 
integrated parts: (1) A forward mathe- 
matical model that is used to generate 
synthetic spectra and (2) an inversion 
algorithm that is used to estimate para- 
meters. The forward model evaluates 
the emission and absorption of radia- 
tion on a line-by-line basis; in its 
current form, it includes a one-dimen- 
sional (spherically symmetrical) atmos- 
pheric submodel with homogeneous 
layers of arbitrary thickness. A future 
version of the code will include a mul- 
tidimensional submodel with inhomo- 
geneous cells. The inversion algorithm 
uses a sequential parameter-estimation 
method known as the square-root in- 


formation filter. The program incorpo- 
rates some flexibility for handling large 
sets of data; the user can control the 
level of accuracy in the model equa- 
tions for spectral lines to trade accuracy 
against speed. The program can run on 
a single processor but is written for a 
parallel-processing environment; if a 
parallel processor is available, it can si- 
multaneously retrieve multiple distrib- 
utions and/or esdmate a single set of 
parameters from multiple spectra. 

This program was written by Lawrence 
Sparks , fames McComb, and John L. 
Fanselow of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation , access the Technical Support Pack- 
age (TSP) free on-line at www.nasatech. 
com under the Physical Sciences category. 

This software is available for commercial 
licensing. Please contact Don Hart of the 
California Institute of Technology at (818) 
393-3425. Refer to NPO- 19694. 


Study of Stitching Errors in Shot-Shifted 
E-Beam Lithography 

NASA 5 Jet Propulsion Laboratory , Pasadena , California 


A report presents a study of the effi- 
cacy of shot shifting for reducing 
stitching errors in diffraction gratings 
made by electron-beam (E-beam) lith- 
ography. Stitching errors arise from 
fabricating a grating as a mosaic of 
smaller gratings by frequently translat- 
ing the grating blank. (This is done be- 


cause typically, the required size of a 
grating exceeds that of the field swept 
by the electron beam.) In shot shifting, 
each field is written at a fraction of the 
total electron dose and the stage is 
moved the same fraction of a field 
width before writing the next field, so 
that the averaging effect of shifted 
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multiple passes will suppress errors 
that arise from miscalibration between 
beam and translation-stage motions. In 
the study, a simplified linear model was 
used to describe the grating-writing 
process in the spatial-frequency do- 
main. The origin and magnitude of 
stitching-error spatial-frequency side- 
bands was demonstrated. The effect of 


the multipass writing was shown to be 
equivalent to that of a band-pass filter 
that selectively nulls nearby sidebands. 
It was shown that M-order multipass 
writing suppresses only the nearest 
Af-1 sidebands, and that increasing M 
results in restrictions on the allowable 
grating periods. 

This work was done by David Dougherty , 


Paul Maker, and Richard Muller of Caltech 
for NASA’s Jet Propulsion Laboratory. 

To obtain a copy of the report , “Stitching 
Error Reductions in Gratings by Shot- 
Shifted Electron Beam Lithography, * access 
the Technical Support Package (TSP) free 
on-line at xvww.nasatech.com under the 
Manufacturing/Fabrication category. 
NPO-21072 


Magnetically Actuated Miniature Paraboloidal Mirrors With 
Variable Radii of Curvature 

These are intended to supplant conventional components, reducing the bulkiness associated 
with focusing and zooming mechanisms. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


Design and development of minia- 
ture paraboloidal mirrors that would be 
deflected magnetically to vary their 
radii of curvature (and thus their focal 
lengths) are under study. These mir- 
rors, which belong to the class of mi- 
croelectromechanical systems (MEMS), 
are used for compact, robust, focusing 
optics instruments and imaging sys- 
tems, and are intended to supplant con- 
ventional adjustable optical compo- 
nents (including lenses, curved 
mirrors, and hinged flat mirrors) for re- 
ducing the bulkiness of the associated 
focusing and zooming mechanisms. 
The suggested device (see figure) 



MEMS Magnetic Multifunctional Mirror system 
design illustrates the key components. 


would include a thin paraboloidal di- 
aphragm mounted at a short axial dis- 
tance from a planar coil; the concave 
side of the diaphragm would serve as 
the mirror, and the convex side of the 
diaphragm would face the planar (con- 
centric) coil and would be coated with a 
thin layer of magnetic material. Elec- 
tron-beam binary-optics and low-pres- 
sure chemical vapor deposition 
(LPCVD) processes are used to form 
the paraboloidal concave surface, and 
the radio-frequency sputtering process 
is used to form the thin magnetic layer. 
At the same time, electroplating is used 


for the fabrication of the planar coil on 
silicon wafer. The two wafers would 
then be bonded together to form the 
mirror-and-actuator unit. 

This approach to miniaturization of- 
fers several potential advantages in that 
the magnetic actuation forms the inte- 
gral part of the optical sensing mecha- 
nism (including beam focusing and 
steering), thus reducing the overall size 
of the mirror. Also, the actuation sensi- 


coefficient of elasticity of the magnetic 
layer; thus deflections attainable by the 
proposed approach would be higher 
than those attainable with electrostatic 
or piezoelectric actuations. 

This work was done by Mary Boghosian 
and William Tang of Caltech for NASA’s 
Jet Propulsion Laboratory. For further 
information, access the Technical Support 
Package (TSP) free on-line at www. 
nasatech.com under the Mechanics category. 


tivity would be higher due to the high NPO-20949 
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New Products 


PRODUCT OF THE MONTH 

Handheld Thermal Imaging Camera 

Raytheon Commercial Infrared. Dallas, TX, says 
that its new' PalmIR 250 handheld camera is the 
first digital thermal imaging camera with zoom 
capability. It produces detailed 320-x-240-pixel 
uncooled ferroelectric thermal images, and offers 
users a choice between the standard 75-mm f/1.0 
lens package or other packages ranging from 25 
to 150 mm. An electronic 2x zoom feature and 
many menu items, including video peaking, are 
also featured. The camera offers VCR-compatible 
video output through an RCA jack in the NTSC 
format, and PAL format for international use. 

For Free Info Circle No. 765 or Enter No. 765 at www.nasatech.com/rs 




DPSS Laser for Semi- 
conductor Metrology 

Specifically designed for inte- 
gration into semiconductor 
metrology tools, the Azure™ 
continuous-wave diode- 
pumped deep ultraviolet laser 
from Coherent Laser Products, Santa Clara, CA, radi- 
ates at 266 nm. The company says that the Azure’s 
near-diffraction-limited beam has the ultralow ampli- 
tude noise that is characteristic of single-frequency 
lasers. The .Azure incorporates automatic control of 
all operating features, thus making it, according to 
Coherent, the first all-solid-state deep UV laser engi- 
neered to operate fully “hands off.” 

For Free Info Circle No. 767 or 
Enter No. 767 at www.nasatech.com/rs 
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Deep Blue DPSS 
Laser 

Melles Griot, Carlsbad, 
CA, is offering the 58 
BTL series, a new sin- 
gle-frequency laser 
line that operates in 
the deep blue spectral region. The output of these 
diode-pumped solid-state lasers is at 430 nm, with a 
single longitudinal mode. The company says that the 
lasers produce low-noise output with less titan two 
percent peak-to-peak noise. Output powers are 
either 5 mW or 8 mYV. The beam is nearly circular 
(1.25:1 aspect ratio), and linearly polarized, and has 
an M2 factor of less than 1.3. 

For Free Info Circle No. 760 or 
Enter No. 760 at www.nasatech.com/rs 


Nitrogen Laser for 
Proteomic Research 

Thermo Laser Science, 
Franklin, MA, announces 
the 337 Sx OEM nitrogen 
laser for matrix-assisted laser 
ionization-desorption time of flight (MALDI-TOF) 
mass spectroinetric and other OEM applications. 
The laser is expected to play a role in proteomic 
research, the mapping of the proteome, the comple- 
ment of human proteins. MALDI-TOF is used to 
identify proteins, playing a key role in research and 
drug discovery, as well as clinical diagnosis. The 337 
Sx delivers pulsed radiation at 337 nm in the UV, 
with a repetition rate of up to 100 Hz. 

For Free Info Circle No. 768 or 
Enter No. 768 at www.nasatech.com/rs 


Laser Diode Life 
Test System 

ThetaDelta Technologies, Law- 
rence, MA, introduces die LD 
060-32 laser diode life test 
5 jBKjl The device uses ThetaDelta’s 
**"^^^* ■ patented conductive thermal 
control technology instead of an 
air-based oven for precise control of diode tempera- 
ture during the test. The system is capable of per- 
forming life tests on up to 960 diodes, with 30 diodes 
at 32 independent sites, and each individually driven 
by a microprocessor-controlled source. The LD 960- 
32 has a thermal capacity of up to 500 W per thermal 
site and a temperature range of 25-250 degrees C. 

For Free Info Circle No. 769 or 
Enter No. 769 at www.nasatech.com/rs 


COLORIMETRY 


POSITION SENSING 



UDT. A Quarter Century 
Of Light Measurement Solutions. 


For over 25 years, UDT has dominated the light meas- 
urement industry-specializing in test instrumentation for 
Photometry, Radiometry, Fiber Optics, Position Sensing and 
Colorimetry. 

Perhaps UDT’s success is based on its full line of versa- 
tile benchtop and handheld meters. Featuring interchange- 
able sensors and integrating spheres, and covering the UV to 
near-IR range. 

Or UDT's state-of-the-art NIST traceable calibration 
facility, ensuring the highest levels of measurement accuracy. 


Or UDT's technical expertise and outstanding service, 
providing you with the “can-do” customer support you 
demand. 

Whatever the reason, UDT is ready to make your light 
measurement a total success. 

For more information, call 1-800-891-2709. Or visit us at 
http://www.udtinstruments.com. 

ILol^fir' INSTRUMENTS 


727 S. Wolfe St., Baltimore, MD 21231 (800) 891-2709 Fax (410) 342-7028 Web: www.udtinstruments.com 
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Ultra-Efficient K a -Band MMIC Power Amplifier 

The design is a substantial advance in the state of the art. 

Lyndon B. Johnson Space Center, Houston, Texas 


A proposed monolithic microwave 
integrated circuit (MMIC) power am- 
plifier has been designed to operate at 
frequencies around 28 GHz. According 
to a computer simulation of perfor- 
mance, this amplifier would operate at 
a power-added efficiency of more than 
60 percent, which is more than 20 per- 


cent above that of the prior state-of- 
the-art power amplifiers in this fre- 
quency range. 

The design calls for a two-stage 
amplifier (see Figure 1), each stage 
containing a pair of pseudomorphic 
high-electron-mobility transistors 
(PHEMTs) in a push/pull configura- 


tion. The PHEMTs would be biased for 
class-B or -C operation (conduction 
angle <180° at the fundamental fre- 
quency). The push/pull configuration 
would be achieved by connecting the 
PHEMTs to each other and to the input 
and output terminals by embedding 
them in a coplanar waveguide network 




Input Matching 

180° 


and 

Hybrid 


Wave-Forming 

Junction 


Waveguide 



Subnetwork 



Interstage 
Matching and 
Wave-Forming 
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Figure 1 . High-Performance PHEMTs would be connected in an impedance-matching, wave-forming network to obtain high power efficiency. 
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Keithley 2400 Series SourceMeters® have tightly integrated 
source and measure functions for big throughput advantages 
compared with multiple instrument systems. Designed for 
component production testing, these instruments combine 
a precision power supply and a highly repeatable 5V2-digit 
DMM. In operation, the 2400 line can act 
as a V-Source, an 1-Source, a V-Meter, an 
1-Meter, diiu an onmmeter. 


The high voltage Model 2410 and high current 
Model 2420 extend dynamic range capabilities 
while the optional contact check function 
quickly verifies good connection to the 
component under test. Accessories and switching systems 
let you easily build complete multipoint solutions. 


more product 
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For a detailed brochure with complete specs, or to talk 
to an Application Engineer, contact Keithley today at 
1-888-534-8453 or www.keithley.com. 
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of microstrip conductor lines and slots 
(see Figure 2). The network would in- 
clude input and output balun trans- 
formers in the form of slot/line hybrid 
junctions. 

Efficiency greater than the theoreti- 
cal maximum of k/4 for classical class- 
ic operauon would be achieved by a 
wave-forming design concept directed 
toward minimizing the time integral of 
(drain voltage x drain current) for a 
given output level at the fundamental 
frequency. This concept involves (1) 
exploiting the specific transfer charac- 
teristics of the high-performance 
PHEMTs, to obtain approximately 
square-wave drain-voltage waveforms, 
and (2) suppressing the harmonic con- 
tents of the square waves on the way to 
the output terminal to shape the final 
output waveform into a fundamental- 
frequency sinusoid. For this purpose, 
the waveguide network would include 
wave-forming subnetworks in which the 
harmonics would be terminated in re- 
active impedances. 

This work was done by James M. Schel- 
lenberg of Schellenberg Associates for John- 
son Space Center. For further informa- 
tion, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Electronic Components and Sys- 
tems category. 

MSC-22503 


Implementing 
Permutation 
Matrices by Use 
of Quantum Dots 

Computing circuits could be 
simplified in that signal paths 
could be crossed. 

NASA’s Jet Propulsion Laboratory, 
Pasadena, California 

Integrated circuits of a proposed 
type based on quantum-dot cellular 
automata (QCA) would implement 
permutation matrices. These circuits 
would serve as prototype building 
blocks for demonstrating the feasibility 
of quantum-dot-based computing and 
for the further development of increas- 
ingly complex and increasingly capable 
quantum-dot-based computing circuits. 
Permutation matrices were chosen as 
part of the basis of this development 
because (1) they play a major role in 
fast transforms (e.g., the fast Fourier, 
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Figure 1. Quantum-Dot Cellular Automata can be assembled into binary wires, which can cross with- 
out adverse effect. 



Figure 2. A Simple QCA Circuit would implement the downshift permutation matrix Q 4 . 
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cosine, and Hartley transforms) that 
arise in the processing of signals and 
images and that are amenable to paral- 
lel computing by application-specific 
integrated circuits and (2) in principle, 
they could be implemented directly 
in the patterns of circuits of the pro- 
posed type. 

As the development of very-large- 
scale integrated (VLSI) circuitry ap- 
proaches the lower limits of practical 
feature sizes, QCA may offer an alter- 
native that will enable further minia- 
turization. Of equal if not greater 
significance is the expectation that 
QCA may enable a great simplification 
of VLSI circuit patterns while afford- 
ing capabilities that, heretofore, have 
not existed: 

At present, wherever two wires in a 
VLSI circuit cross each other, the wires 
must not be in the same plane; that is, 
there must be a layer of electrical insu- 
lation between them (unless, of course, 
they are meant to be connected at the 
intersection). Much of the complexity 
and hence cost of VLSI design is asso- 
ciated with minimization of data rout- 
ing and assignment of layers to mini- 
mize crossing of wires. The proposed 
circuits would enable one to take ad- 
vantage of a unique feature of QCA; 
namely, the possibility of coplanar 
crossing of signal paths. This feature is 
what makes it possible, in principle, to 
implement various permutation matri- 
ces directly in coplanar patterns of 
quantum dot ciicuii elements, Such a 
direct and compact implementation 
would be extremely costly if not impos- 
sible in conventional complementary 
metal oxide/semiconductor (CMOS) 
VLSI integrated circuitry. 

A quantum-dot cellular automaton 
contains four quantum dots positioned 
at the corners of a square (see Figure 
1). The cell contains two extra mobile 
electrons that can tunnel (in the quan- 
tum-mechanical sense) between neigh- 
boring dots. Tunneling out of the cell is 
assumed to be completely suppressed by 
the potential barriers between neigh- 
boring cells. The Coulomb repulsion 
between the two electrons tends to 
make them occupy antipodal dots in the 
cell. For an isolated cell, there are two 
energetically equivalent arrangements 
(denoted polarization states) of the 
extra electrons. The cell polarization is 
used to encode binary information. 

The polarization of a nonisolated 
cell depends on interactions with 
neighboring cells. The interaction be- 
tween cells is one of Coulomb repul- 
sion only (no current flows between 
cells) and provides the basis for com- 


puting with QCA. Theoretically, univer- 
sal logic gates and binary wires could 
be constructed by assembling QCA of 
suitable design in suitable patterns. As 
to the possibility of coplanar crossing 
of signal paths without adverse effect, a 
compete theoretical explanation would 
exceed the space available for this arti- 
cle, but one can gain a partial, qualita- 
tive understanding from the illustra- 
tion of crossed binary QCA wires in the 
bottom part of Figure 1 . 

One of the fundamental permuta- 
tion matrices is the downshift permuta- 
tion matrix, which is given by 


, , jl ifj*= i+ 1 (mod n) 

Q"('v/j- jo otherwise 

where n is the number of elements to 
be permuted. Figure 2 illustrates a pro- 
posed QCA circuit that would imple- 
ment the permutation matrix Q 4 . 

This work was done by Amir Fijany, 
Nikzad Toomarian, and Matthew Spotnitz of 
Caltech for NASA’s Jet Propulsion Labo- 
ratory. For further information, , access the 
Technical Support Package (TSP) free on-line 
at unmv.nasatech.com under the Electronic 
Components and Systems category. 
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#1 Software 


Software for Concurrent 
Development of Reusable 
Software 

The YaM computer program provides 
a conceptual framework (including con- 
figuration management) and a set of 
software tools that support die concur- 
rent development of reusable software by 
members of a team. YaM favors develop- 
ment of software in modules that can be 
assembled into packages and that, dur- 
ing development, serve collectively as the 
software analog of scaffolding that sup- 
ports the development of other modules. 
YaM is written in Practical Extracdon and 
Repordng Language (PERL) and is or- 
ganized as a set of software udlides on 
top of the public-domain Concurrent 
Versioning System (CVS) software. Pro- 
grammers can set up sandboxes for the 
development of modules and packages: 
all such development takes place on pri- 
vate CVS branches. High-level YaM com- 
mands support the setup, update, and re- 
lease of modules and packages. Released 
and prebuilt versions of modules are 
available to all programmers on the 
team. Programmers can tailor the mixes 
of source and link modules for their 
sandboxes so that new sandboxes can be 
built up easily and quickly by pointing to 
previously released modules. All inter- 
module interfaces are publicly exported 
via links. A minimal, but uniform, con- 
vention is used for building modules. 

This program was written by Abhinandan 
Jain and Jeffrey Biesiadecki of Caltech for 
NASA’s Jet Propulsion Laboratory. For fur- 
ther information , access the Technical Support 
Package (TSP) free on-line at www.nasatech. 
com under the Software category. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal- 
ifornia Institute of Technology at (818) 393- 
3425. Refer to NPO-21083. 


t? Adaptive Problem Solving 
for Refining Control Strategy 

A computer program implements an 
adaptive problem-solving (APS) algo- 
rithm for real-time development, refine- 
ment, and maintenance of the control 
strategy of an autonomous system that 
must operate in an environment about 
which little or no detailed information is 
available in advance. In the initial appli- 
cation for which the APS software was de- 


veloped, the autonomous system would 
be an exploratory spacecraft that would 
feature a flexible control architecture 
and would be equipped with planning 
and scheduling software, which the APS 
software would complement. Given a 
generic set of control strategies, the APS 
software evaluates the strategies, per- 
forms “what-if’ analyses, and utilizes sta- 
tistical methods to rank each strategy or 
generate a more appropriate strategy in 
face of current information about the en- 
vironment. In an iterative process of re- 
inforcement learning, the highest- 
ranked strategies are passed back and 
forth between the APS algorithm and a 
search algorithm until a stopping crite- 
rion is satisfied. The user can specify the 
allowable error in the choice of the best 
control strategy. In this choice, other 
things being equal, strategies that can be 
evaluated accurately by use of fewer data 
points are favored over those for which 
more data points are needed. 

This program was written by Steve Chien, 
Barbara Engelhardt, Darren Mutz, and 
Robert Sherwood of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Software category. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal- 
ifornia Institute of Technology at (818) 393- 
3425. Refer to NPO-21071. 


Software for Automated 
Ortho-Rectification of SAR 
Images 

The Automated SAR Ortho-rectifica- 
tion Software System enables users of 
synthetic-aperture-radar (SAR) data to 
form processed images that are free of 
the distortion caused by the SAR imag- 
ing geometry and topography. The soft- 
ware consists of four modules: 

• FOCUS™, a program for automated 
formation of SAR images; 

• PHASE™, a complete package of soft- 
ware for interferometry; 

• RadarStereo™, a stereoscopic-image- 
processing program; and 

• OrthoSAR™, a package of software for 
automated terrain and geometry correc- 
tion and geocoding of SAR image data. 
The disadvantage of SAR satellite data 

is that heretofore, images obtained by 
processing the data have been distorted 


by the peculiar imaging geometry of SAR 
systems and by topography. However, 
SAR can provide information that is not 
obtainable by other imaging techniques. 
Because SAR is unaffected by clouds, dig- 
ital elevation models (DEMs) can always 
be obtained by use of stereoscopic SAR. 
Furthermore, because SAR is a coherent 
imaging technique, accurate DEMs can 
be obtained by use of interferometry; 
these accurate topographic models can 
be used by OrthoSAR™ to remove from 
imagery the distortion due to topogra- 
phy and imaging geometry. 

Techniques for processing SAR image 
data, including techniques for processing 
data from stereoscopic and interferomet- 
ric SAR, and techniques for ortho-rectifi- 
cation, existed before the development of 
the present software. However, there were 
no commercial-grade software systems for 
stereoscopy and ortho-rectification, and 
there was no integrated system that per- 
formed all of these functions. 

The principal novelty of this software is 
the integration, into one easy-to-use pack- 
age, of all of the software packages 
needed to process SAR data, including 
the processing to extract DEMs and the 
distortions due to imaging geometry and 
topography. The modules were designed 
and implemented in an object-oriented 
manner so that they can easily be up- 
graded as new techniques or new data 
sources become available. The software 
system was constructed to be operated 
through a Java™ graphical user interface, 
which can also be easily changed and up- 
graded as needed. 

FOCUS™ is fully automated, can be 
used to process data from all current 
SAR satellite missions, and can easily be 
modified to work with data from future 
missions. The software is able to take ad- 
vantage of multi-processor architectures 
and is significandy faster than previously 
available software designed for the same 
purpose. 

PHASE™ can be used to create DEMs 
with vertical errors of less than a meter 
(depending on the quality of the data). 
In the displacement-map mode, 
PHASE™ can be used to detect tectonic 
movement or subsidence of the ground 
to a sensitivity of less than a centimeter. 
While the software affords much flexibil- 
ity in process control, including choice 
among different algorithms for several of 
the necessary tasks, it remains easy to use. 
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ALGOR’s Timeline Event Manager graphical 
utility enables engineers to quickly and easily 
define and visualize time-based event 
curves for Mechanical Event Simulation, 
transient structural analysis and transient 
thermal analysis. It simplifies the setup of 
complex real-world events by simultaneously 
plotting curves for multiple analysis types to 
show exactly how variables will interact. 


TIMEUNE EVENT MANAGER FOR: 
•Mechanical Event Simulation (MES) 


•Transient Structural Analysis with 
Linear and Nonlinear Material Models 


•Transient Thermal Analysis 


•Graphical visualization of curve data 
helps engineers catch input errors during 
analysis setup. 


•A built-in Equation Editor uses start times, 
end times and a library of supported 
functions to aenerate event curves. 


•Built-in spreadsheet provides fast entry 
or modification of magnitude versus 


time data. 


•Multiple load curves can be depicted on 
a sinale plot in the Event Viewer for 
multipnysics analyses. 


•Timeline integrates with 
applications including Excel. 


Microsoft 


•A library stores frequently referenced, user- 
ea c 


defined curves. 


•Timeline works within CAD for a value- 
added modeling solution. 
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Software 


A particular advantage of the software is 
that a crude DEM, perhaps one that was 
created with RadarStereo™, can be in- 
gested to aid in the production of a more 
accurate, refined DEM. 

RadarStereo™ is fully automated and 
uses novel techniques for the registra- 
tion of images and generation of tie 
points. It also uses a novel algorithm for 
calculating stereoscopic solutions from 
radar parameters. 

OrthoSAR™ is also fully automated, 
and, unlike other ortho-rectification soft- 
ware packages, it uses the radar equations 
to perform corrections. OrthoSAR™ can 


optionally produce a mask of regions 
where imagery is compromised by layover 
or by shadow. 

Significant interest in this integrated 
software system has been expressed by 
persons in universities and laboratories 
who wish to use the software to create 
DEMs to study motion and deformation 
of the ground. Some features of this soft- 
ware are also being marketed as part of a 
comprehensive radar ground station, 
with great success. OrthoSAR™ and 
RadarStereo™ are also available as parts 
of a popular geographic-information 
software system, ERDAS Imagine™. 



This is rocket science... 

So much rides on superior imaging. 


Engineering Design Team, Inc. 

1100 NW Compton Dr., Suite 306, Beaverton, Oregon 97006 
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True. EDT's data 
interface boards are 
exceptionally fast. But when 
years of planning and research 
are at stake - not to mention 
millions of dollars - speed is 
only half the equation. 
Scientific and technological 
breakthroughs demand 
dependable performance. 

EDT masters the challenge 
with products featuring simple 
and practical designs. 

Built to tough military 
specifications, they 
handle the most 
advanced camera 


specifications. And our latest 
models come complete with 
PCI/RCI fiber-optic interface for 
flawless image transfer and total 
flexibility in locating your 
computer. 

It isn't rocket science when 
it comes to selecting the best 
interface cards. Contact EDT 
today and see how our products 
provide the extraordinary 
performance your work 
demands... with engineering 
customer-support that 
ensures seamless 
integration 
of your system. 


This work was done by Grant R Burkhart 
of Vexcel Corp. for Stennis Space Center. 
For further information , please contact Ron 
McCoy , (303) 444-0094, extension 229. 

In accordance with Public Law 96-317, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Vexcel Corporation 
22477 33th Street 
Suite 201 

Boulder, CO 80301 

Refer to SSC-00108, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


'W Advanced Software for 
Two-Phase Thermohy- 
draulic Systems 

Recent improvements in the SINDA/ 
FLUINT computer program have made 
the program into a highly capable, com- 
mercially viable software product for gen- 
eral mathematical modeling of thermo- 
hydraulic systems. Versions of SINDA/ 
FLUINT have been described in a num- 
ber of previous NASA Tech Briefs articles. 
To recapitulate: SINDA/FLUINT is the 
NASA standard software system for com- 
putational simulation of interacting ther- 
mal and fluid effects in arbitrary flow net- 
works. As its name suggests, SINDA/ 
FLUINT is an integral combination of 
two subprograms: Systems Improved Nu- 
merical Differencing Analyzer (SINDA) 
program is a software system for solving 
lumped-parameter representations of 
physical problems governed by diffu- 
sion-type equations. The Fluid Integra- 
tor (FLUINT) program is an advanced 
one-dimensional fluid-analysis program 
that solves equations of arbitrary fluid- 
flow networks. Working fluids that can 
be modeled in SINDA/FLUINT include 
single-phase vapors, single-phase liquids, 
and two-phase fluids. 

The recent improvements in SINDA/ 
FLUINT fall into two categories. In the 
first category is the addition of capabilities 
for advanced mathematical modeling of 
two-phase flows of types that are of partic- 
ular relevance to thermal-control, propul- 
sion, environmental-control, and fire-sup- 
pressant-delivery systems. Phenomena 
that could not previously be modeled but 
can now be modeled include the dissolu- 
tion and evolution of noncondensable 
gases and the effects of thermal equilib- 
rium between the liquid phase and the 
vapor/gas phase in a pipe. Specific fea- 
tures added to the program include one 
that defines the equilibrium dissolution of 
a solvent/ solute pair, mass-transfer corre- 
lations based on flow regime, a feature for 
tracking of solutes and rates of evolution 
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and dissolution in both tank and junction network elements, in- 
terface network elements to provide for subdivision of control 
volumes, twinned tanks, twinned ties, and superpaths. 

The second category of improvements comprises miscella- 
neous additions that provide enhanced capabilities for posing 
and solving problems. The additions include (1) prepackaged 
software components that provide options for handling ducts with 
axially varying flow areas, (2) software components that provide 
double-precision solution options, (3) software components that 
implement some optional solution techniques, and (4) a database 
subprogram that manages complex relationships among inputs 
and outputs and represents these relationships in a spreadsheet. 
The latter improvement relieves the user of some programming 
tasks, making parametric analyses easy and making the program 
easier to learn and to apply to complex problems. 

This program was written by Brent Cullimore, David A. Johnson , 
and Steven G. Ring of Cullimore and Ring Technologies, Inc., for 
Johnson Space Center. For further information, access the Techni- 
cal Support Package (TSP) free on-line at www.nasatech.com under 
the Software category. 

MSC-23052/58 


t? Test Automation Software for AI Planning 
Software 

This test automation software reduces the burden of testing 
artificial-intelligence (AI) planning software written in the 
Heuristic Scheduling Testbed System (HSTS) [a software archi- 
tecture for planning and scheduling]. It automates what would 
otherwise be the labor intensive and infeasibly time-consuming 
process of detennining whether the plans produced by the plan- 
ner in response to test case inputs are consistent with the speci- 
fications. Automating this process is particularly important for 
verifying planning systems due to the large numbers of test cases 
and the complexity of both the plans and the specifications. This 
program automatically translates constraints written in the 
HSTS constraint language into automatically executable queries 
in a database ianguage. As a result, plans generated by HSTS 
planning software can be automatically verified for satisfaction 
of all the constraints. Moreover, the constraints can be validated 
by manually expressing their intents directly in the database 
query language, then plans generated by the HSTS planning 
software can be automatically verified through the responses to 
those queries. Redundant information contained within plans is 
automatically cross-checked, thus increasing confidence in the 
correct operation of the planning software and of the plan- 
checkers themselves. This program generates a pass/fail report 
of the responses of the planning software, as well as detailed and 
summary reports as to how each constraint was or was not satis- 
fied. It also generates simple metrics concerning the constraints 
and requirements exercised in testing. 

This program was written by Benjamin Smith and Martin Feather 
of Caltech for NASA's Jet Propulsion Laboratory. For further in- 
formation, access the Technical Support Package ( ISP) free on-line at 
www.nasatech.com under the Software category 

This software is available for commercial licensing. Please contact 
Don Hart of the California Institute of Technology at (818) 393-3425. 
Refer to NPO-21 118. 


Software for Simulation of 3D, Three-Phase 
Combusting Flow 

A computational fluid dynamics (CFD) code has been devel- 
oped to enable simulation of spray combustion near the fuel in- 
jectors in a liquid-fueled rocket engine. This code reflects the 
three-dimensional (3D), multiphase nature of the flow field in 



Serious FEA 


Structural failure is simply unacceptable when 
you're pulling 8G's at 600 mph. Or Depending on a 
spinal implant. Or an automotive fuel tank. Or the 
mast of an America's Cup contender. This is why 
developers of the most critical structures depend on 
NE/Nastran for FEA analysis. 

Alonq with uncompromising accuracy, 
NE/Nastran is one of the most complete, easiest- 
to-learn-and-use FEA packages available. And it's 
yours for 1/3 to 1/10 the price of comparable soft- 
ware. 

Free Demo. We're so sure that you'll see the 
value in NE/Nastran that we want you to use a 
demo version for free. 

It runs on Windows 95/98/NT4.0/2000 with 
Unix and Linux versions available soon. Visit our 
web site to learn more about this serious FEA, and 
download your free evaluation copy. 




Noran Engineering, Inc. 

www.NENastran.com 
Toll Free: 877-NENastran 


Upgraded F-5E 
fighter avionics 
bay, radar support 
structure, and 
wing analyzed 
using 

NE/Nastran. 
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Software 


a rocket engine and is capable of model- 
ing even a flow field as complex as one 
that results from the use of impingement 
injectors. Unlike prior spray-combustion 
codes that emphasize physical con- 
straints at the expense of geometric 
ones, this code implements a compro- 
mise between physical and geometric 
constraints in order to enable analysis 
and comparison of the performances of 
alternative engine designs that involve 
different injector geometries. In particu- 
lar, this code was constructed to enable 
prediction of the interactive effects of in- 
jector-element impingement angles and 
impingement points, momenta of indi- 
vidual orifice flows, and the resulting 
combusting flow. 

This computer program includes finite- 
difference Navier-Stokes CFD subpro- 
grams for mathematical modeling of spray 
combustion from several different per- 
spectives. Two of the subprograms imple- 
ment models of heterogeneous spray 
combustion: One of these models, de- 
noted a volume-of-fluid (VOF) model, 
represents a liquid core of coaxial and im- 
pinging jets and the atomization and va- 
porization thereof. The other, denoted a 
blob model, represents injected streams as 
a cloud of droplets that are initially of the 
size of the injector orifice and that subse- 


quendy exhibit particle interaction, vapor- 
ization, and combustion. These models 
are computationally intensive, as they 
must be to account accurately for die com- 
plex combustion and other physics that 
one seeks to predict. 

One of the subprograms implements 
a model of homogeneous spray combus- 
tion, representing the flow as a contin- 
uum of multiphase, multicomponent 
fluids that move without thermal or ve- 
locity lags among the phases. This model 
enables relatively fast computation. To 
enable the representation of subcritical 
and supercritical liquid and vapor flows, 
this subprogram uses a real-fluid model 
that comprises thermal and caloric 
equations of state. The great advantage 
of this real-fluid model is that it is valid 
over a wide range of pressures and tem- 
peratures, making it unnecessary to pro- 
vide (as in prior approaches) a sub- 
model to represent the effects of surface 
tension in the subcritical regime; this is 
important because liquid-fuel rocket en- 
gines usually operate at supercritical 
pressures (for which surface tensions are 
zero), making it counterproductive to 
continue to adapt low-pressure spray- 
combustion models. 

Because some rocket engines utilize 
RP-1 (essentially, kerosine) and liquid 


oxygen as propellants, the homoge- 
neous-spray subprogram includes a sim- 
plified hydrocarbon-combustion model 
for use in simulations of 3D, multiphase 
flow. This model does not identify drops 
or their distribution, but it does enable 
accurate prediction of film coolant flow 
and of recirculating flow along the in- 
jector face and into an acoustic cavity. 
Soot is represented as a third phase that 
behaves as a dense gas. The resolution of 
the flow field of the reacting, vaporizing 
propellants predicted by this spray 
model exceeds that of any other pub- 
lished model developed for the same 
purpose. 

The heterogeneous VOF and blob 
spray-combustion subprograms include 
provisions for Euler-Lagrange particle 
tracking to account for thermal and ve- 
locity lag of droplets. These subprograms 
also use the real-fluid equations of state 
to calculate thermodynamic properties 
of fluids. 

This program was written by R. C. Farmer 
and G. C. Cheng of SECA , Inc., and Y S. 
Chen of Engineering Sciences, Inc., fo7 Mar- 
shall Space Flight Center. For further in- 
formation, access the Technical Support Pack- 
age (TSP) free on-line at wunv.nasatech.com 
under the Software category. 

MFS-31599 


NASA Chooses Top Software of the Year 


Computer programs that reduce 
aircraft engine analysis time and im- 
prove the study of fluid dynamics in 
rocket engines are NASA’s 2001 Soft- 
ware of the Year winners. Since 1994, 
NASA’s Inventions and Contributions 
Board and the NASA Chief Informa- 
tion Officer have selected the top soft- 
ware programs submitted from a field 
of government agencies, corpora- 
tions, and universities. 

Visit http://icb.nasa.gov/Soy2001 for 
more information on the winners. 

Faster, Better, Easier 

Developed at NASA’s Glenn Re- 
search Center in Cleveland, OH, the 
Numerical Propulsion System Simu- 
lation (NPSS) software is part of an 
effort by NASA to develop an inte- 
grated collection of software pro- 
grams for the analysis and design of 
aircraft engines and space transporta- 
tion components. NPSS dramatically 
reduces the time, effort, and expense 
involved in designing and testing jet 
engines by generating sophisticated 
computer simulations of an aero- 
space object or system. Engineers can 


then “test” design options without 
doing costly and time-consuming 
real-world tests. 

Using the software, engineers can 
analyze different parts of an engine si- 
multaneously, perform different types 
of analyses simultaneously, and per- 
form those analyses faster, better, and 
at a lower cost. 

NPSS currently is in use by aircraft 
and aircraft engine developers, and 
has even been used to model the tur- 
bofan engine for a supersonic passen- 
ger jet. In the future, it should cut new 



Some codes developed through NPSS analyze 
individual engine components. Shown here is 
a simulation of the Energy Efficient Engine's 
combustor using ALLSPD-3D. a NASA Glenn- 
developed combustor code. 


engine development time in half, 
from ten years to five years. 

A Dynamic Program 

A team led by Alok Majumdar of 
Marshall Space Flight Center in 
Huntsville, AL, developed the Gener- 
alized Fluid System Simulation Pro- 
gram (GFSSP) for analyzing steady 
state or transient flows in complex net- 
works, specifically the internal sec- 
ondary flows in rocket engine turbop- 
umps. Before GFSSP, there was no 
generalized code capable of such 
analysis. The program handles both 
incompressible (liquid) and com- 
pressible (gas) flow systems, or a com- 
bination of both. 

The software has been used to sup- 
port the space shuttle main engine 
turbopump secondary flow circuit 
analysis, and the International Space 
Station’s Environmental Control and 
Life Support System design. It has the 
potential to make a significant impact 
in any industry that must analyze fluid 
flow processes, including petroleum, 
power, automobile, heating and air 
conditioning, and chemical. 
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Compact PCI DaqBoards 



IOtech introduces a family of six new 
Compact PCI data acquisition boards, 
featuring a 16-bit/200 KHz A/D, quad 
16-bit/ 100 KHz D/A’s, 40 digital I/O, and six 
counter/timers. Unlike other boards, the new 
DaqBoard/2000c boards feature synchronic- 
ity amongst all input and output functions, 
allowing simultaneous acquisition of analog, 
digital, and frequency data concurrent with 
output of analog waveforms and digital pat- 
terns. A full-suite of isolated signal condition- 
ing and expansion options is also available. 
www.iotech.com/daqboard2000/4 

Active X/COM Daq Software 



DaaCOM ru is a suite of ActiveX/COM tools 
for IOtech’s family of plug-in and portable 
data acquisition devices. DaqCOM provides a 
powerful set of tools for developing custom 
data acquisition applications under Windows® 
for C++ and Visual Basic. DaqCOM/Net 
enables distributed data acquisition amongst 
any number of network-enabled PCs with 
IOtech data acquisition hardware attached, 
ww w.iotech.com/daqcom/4 


PCI Data Acquisition 



IOtech introduces a family of six new low-cost 
PCI data acquisition boards, featuring a 16 
bit/200 KHz A/D, quad 16 bit/100 KHz D/A’s, 
40 digital I/O, and 6 counter/timers. Unlike other 
boards, the new DaqBoard/2000' M boards fea- 
ture synchronicity amongst all input and output 
functions, allowing simultaneous acquisition of 
analog and digital data, with output of analog 
waveforms and digital patterns. A full-suite of 
signal conditioning and expansion options is also 
available. www.iotech.com/daqboard2000/4 


Distributed Ethernet 
Data Logging 

lOtech's new Ethernet-based ScanWare™ family of hardware & 
software offers a cost-effective, user-configurable solution for 
distributed data logging applications. (7o learn about real-time 
applications using Ethernet , visit www.iotech.com/ethernet/4). 


ScanWare includes our new PointScan™ 
modules, offering built-in Ethernet 
connectivity, low-cost per channel, & 
16-bit accuracy. Over 30 PointScan 
modules are available, ranging from 
multi-function volts/thermocouple/bridge 
modules, to high-isolation discrete 
I/O modules. 



PointScan™ 



Over 30 modules 
available 


For applications with high 
channel concentrations, 
our MultiScan™ & 
NetScan™ data loggers 
offer low-cost, isolated, 
high-accuracy solutions, 
with channel counts 
scalable from 1 6 to nearly 
1000 channels. 


We've partnered with Citect" 
software to provide a user- 
configurable, highly-scalable software 
solution, with support for our Scan 
products, as well as support for over 
200 hardware solutions from other 
vendors. Citect is currently being used 
in 1 000's of large- & small-scale data 
acquisition applications throughout 
the world. Our global network of 
systems integrators is available to help 
with your custom application. 



To discuss your application with our sales department, call 1 .888.583.31 74. 


www. iotech .com /scan ware/4 




lOtech Inc 
25971 Cannon Rd 
Cleveland OH 44146 
Tel 1.440.439.4091 
Fax 1.440.439.4093 
www.iotech.com 
sales@iotech.com 

CCopyright 2001, lOtech, Inc MultiScan, NetScan, PointScan, & ScanWare are trademark of KDtechJnc. Citect is a registered trademark of Ci Technologies. Alothes 
are trademarks or registered trademarks of their respective holders. For a complete feting of lOtech worldwide sales offices, see www.iotech. com/ sales/4 






Portab/eWa vef o r m 
Measurements 


Attach the WaveBook/516~ to your notebook PC for portable, 16-bit 
waveform measurements up to 1 Msamples/s. Start with eight built-in 
channels, and easily expand up to 72, including vehicle network 
measurements (J1850, ISO 9141, CAN, etc.), ICP®-style accelerometers, 
strain gages, position encoders, thermocouples and more. 




WaveBook/516™ 

• External clock input 

• Multichannel analog triggering 

• Digital-pattern triggering 

• Pulse-amplitude St pulse-width 
triggering 

• Pre- St post-trigger modes 

• In-vehicle bus measurement option 


NEW 

Frequency/ 
Quadrature Encoder^ 
& In-Vehicle 
Network Support 


lOtech has been the undisputed leader in portable, 
notebook PC-based data acquisition for nearly a 
decade. For a demo or 30-day evaluation, contact 
our sales department at 1 .888.583.31 74. 


WBK1 7 


8-Channel Counter/Encoder 
Module for the WaveBook/51 6 


Included Out-of-the-Box m WaveView' M 
software converts your PC and the 
WaveBook/516 into a compact, 
multichannel waveform analyzer, 
streaming data to your PC's hard 
drive in real time. Also included are 
Windows® 95/98/2000/NT drivers, 
LabVIEW® and DASYLab® support, 
and file support for MATLAB ", Excel'”, 
and many more. 


www.iotech.com/wavebook/4 
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USB Data Acquisition 



The new ZonicBook'“ from lOtech is a portable, 
multi-channel vibration analyzer, available in 4-, 
8-, or 16-channel models. The ZonicBook features 
built-in ICP biasing for accelerometers, 16-bit 
A/D converters for each channel, and PC -Card 
interface for notebook PCs. eZ-Analysf “ software 
is included with the ZonicBook. providing gap- 
free acquisition and real-time display and analysis 
of acquired waveforms, in both time-domain and 
frequency-domain, www jotech.com/zonic/4 


Stand Alone Data Acquisition 



The LogBook36(T from lOtech provides 
stand-alone data acquisition capability, using 
removable PC -Card memory for program and 
acquired data storage. Unique to the LogBook 
is the ability to acquire dynamic data, such as 
sound and vibration, along with voltage, tem- 
perature and frequency measurements. Modem 
support for remote cellular phone access, GPS 
support for position logging, and vehicle bus 
(see below) are also supported. 
www.iotech.com/logbook/4 


Vehicle Bus Data Acquisition 



The new DBK70™ acquires vehicle parame- 
ters from up to 4 different vehicle networks 
simultaneously, including J1850, J1939, 
ISO 9141, and CAN. The DBK70 attaches 
to IOtech’s portable DaqBook, WaveBook, 
and plug-in DaqBoard data acquisition 
devices, and is also capable of working with 
any analog measurement device. Unique to 
the DBK70 is the ability to graphically view 
acquired vehicle network parameters simul- 
taneously with acquired analog and digital 
data. www.iotech.com/dbk70/4 
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5 Flex Wedges 

Brakes and clutches could perform more reliably and predictably. 


Goddard Space Flight Center, Greenbelt, Maryland 


Flex wedges have been proposed for 
use in brakes and clutches like those in 
which, heretofore, basic wedges have 
been used. Flex wedges (see Figure 1) 
offer advantages of superior braking and 
clutching performance and less weight, 
relative to basic wedges. 

The upper part of the figure depicts 
part of a typical brake or clutch that con- 
tains a basic wedge that mates with the side 
walls of a groove in a fixture. To obtain 
braking or clutching action, one pushes 
the wedge into the groove to obtain fric- 
tion between the wedge and the fixture. A 
large frictional force is obtained by utiliz- 
ing the mechanical advantage afforded by 
the wedge/groove geometry to multiply 
the perpendicular-to-the-surface contact 
force between the wedge and the fixture. 

The mechanical advantage, and thus 
the effectiveness of braking or clutching in 



f Motion of Insertion 
or Removal 

Side Walls 
Groove 


BASIC-WEDGE VERSION 


y 



x Wedae 


Wedge 


Motion of Insertion 
or Removal 


FLEX-WEDGE VERSION 


Figure 1. These Parts of a Brake or Clutch gener- 
ate large contact forces between the wedge and 
groove surfaces in order to generate large fric- 
tion forces to resist relative motion in the z di- 
rection. The flex wedge offers advantages over 
the basic wedge, as described in the text. 


the case of a basic wedge, is greater for 
wedge faces and groove walls that are 
more nearly parallel. Unfortunately when 
these contact surfaces are fabricated more 
nearly parallel, there is a greater tendency 
for a wedge to become jammed in a fixture 
once it has been pushed in; as a result, the 
force needed to remove the wedge from 
contact with the fixture is larger and less 
predictable, and there is an increasing ten- 
dency for unjamming action to jerk the 
brake or clutch mechanism. 

The lower part of the figure depicts 
part of a typical brake or clutch similar to 
that of the upper part of the figure, ex- 
cept for the use of a flex wedge instead of 
a basic wedge. This mechanism functions 
similarly to the basic-wedge mechanism, 
except that it offers enhanced holding 
performance, reliability, and predictabil- 
ity. Less actuation force is needed for 


both insertion and removal of the wedge; 
even unjamming requires little force and 
hence gives rise to little or no jerk. 

The flex wedge (see Figure 2) is re- 
garded as having been fabricated by ma- 
chining away most of the material from a 
basic wedge. The flex wedge includes 
wedge shoes connected, via shoe flex- 
ures, to a wedge compliance flexure. The 
wedge shoes mate with the side walls of 
the groove in the fixture, in the same 
manner as that of the basic wedge. The 
wedge compliance flexure is made flexi- 
ble with respect to motion in the x direc- 
don to accommodating small modons 
needed to align the wedge shoes with the 
side walls of the groove in the fixture. 
However, the wedge compliance fixture 
is stiff along the axis of insertion and re- 
moval (the y axis) and along the axis of 
the relative motion (the z axis) that the 
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Mechanics 


brake or clutch was meant to resist when 
engaged. 

The shoe flexures are perpendicular to 
the wedge shoes, affording an additional 
mechanical advantage (beyond that of the 
basic wedge geometry) for both engage- 
ment and disengagement of the brake or 
clutch: Once the flex wedge was inserted 
as far as it could go, further pushing of the 
flex wedge into the fixture gives rise to a 
slight bend of the shoe flexures with con- 
sequent pushing of the wedge shoes into 
tighter contact with the side walls of the 
groove. Hence, the perpendicular-to-the- 
surface contact force (and thus the de- 


sired frictional braking or clutching 
force) for a given insertion force is greater 
than that for a basic wedge. 

Even if the wedge shoes were pushed 
very tighdy against the side walls, as de- 
scribed in the preceding paragraph, dis- 
engagement does not depend on the ap- 
plication of a large unjamming force. 
This is because pulling on the wedge 
compliance flexure in an effort to disen- 
gage the brake or clutch would first cause 
the shoe flexures to bend oppositely to 
the way they bent during insertion and 
this bend pulls the shoes out of contact 
with the side walls of the groove. This dis- 



Figure 2. A photograph of the Flex Wedge 
shows the key components. 


engagement action is characterized by a 
mechanical advantage that depends only 
on geometry (and not on the coefficient 
of friction). Hence, the force needed for 
extraction or disengagement would be 
small and predictable. 

The shoe flexures are made thin and 
flexible to allow bending in the parallel- 
to-the-shoe directions, yet stiff as needed 
in the perpendicular-to-the-shoe direc- 
tions. They are also made long in the z di- 
rection, as needed for strength and rigid- 
ity in holding against the relative motion 
that the brake or clutch is meant to resist 
when engaged. 

This work was done by John M. Vranish of 
Goddard Space Flight Center. Far further 
information , access the Technical Support 
Package (TSP) free on-line at wwwnasatech. 

com under the Mechanics category. 

This invention is owned by NASA , and a 
patent application has been filed. Inquiries con- 
cerning nonexclusive or exclusive license for its 
commercial development should be addressed to 
the Patent Counsel, Goddard Space Right Cen- 
ter; (301) 286-7331. Refer to GSC-14006. 


©Heat-Shield Panels 
in a 2D Shingling 
Arrangement 

Adjacent panels are slid aside 
to make room for insertion or 
removal. 

Marshall Space Flight Center, 
Alabama 

Figure 1 depicts mockups of light- 
weight metal heat-shield panels that 
have been proposed for use on space- 
craft of the reusable-launch-vehicle type. 
These panels are designed for simplicity 
of insertion and removal. The design 
could also be adapted to both insulating 
and noninsulating panels in nonspace- 
craft applications. 
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flush thresholds are 
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website at: www.presray.com 

PiSEUMArSEAL 

manufactured by 

PRESRAY 

Presray Corporation 

159 Charles Colman Blvd. • Pawling, NY 12564 USA 
(845) 855 -1220 • Fax: (845) 855 -1139 
West Coast: (949) 475-9842 • e-mail: info® pres ray.com 




52 


For Free Info Circle No. 425 or Enter No. 425 at www.nasatech.com/rs 


NASA Tech Briefs, October 2001 







Figure 1. Panels Overlap and thus interlock in a two-dimensional shingle- 
like pattern. However, the interlock can be removed locally, to enable in- 
sertion or removal of a given panel, by simply sliding the overlapping parts 
of two adjacent panels out of the way. 

Each panel includes a thin front (outer) face sheet bonded to 
a thicker insulating block. The insulating block occupies an 
area slighdy smaller than that of the face sheet and is located off 
center on the rear (inside) surface of the face sheet in such a 
way as to leave flange areas on two sides of the face sheet. 

The panels are installed on stand-off brackets on a frame- 
work, as shown in Figure 2. When installation is complete, the 
two flanges of each panel overlap the nonflanged edge areas of 
two adjacent panels. In other words, the panels are overlapped 
in a two-dimensional (2D) generalization of the common shin- 
gling pattern. 



Figure 2. Panels Are Supported on a framework in such a way that they can 
be slid aside to insert or remove one panel without having to insert or re- 
move others at the same time. 


The overlap creates an interlock that, in the case of a simple 
shingling arrangement, would make it necessary to remove many 
other panels in order to replace a given panel. However, unlike a 
simple shingling arrangement, this design provides for the re- 
moval of any given single panel without having to remove other 
panels; the panels, framework, and stand-off brackets are config- 
ured so that the panels can slide over each other in the front-sur- 
face plane. All one need do to remove the interlock from a given 
panel (e.g., the middle panel in Figure 1) is to push the overlap- 
ping adjacent panels to slide their flanges off the given panel. 

This work was done by Dalton Nguyen of Marshall Space Flight 
Center. For further information, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com under the Mechanics category. 
MFS-31266 
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We have the perfect prescription! 


Heaterstat™ sensorless controller 




Sophisticated thermal control 


Flexible Thermofoil™ heaters are the sure cure for chronic 
heating ailments: Easy to apply as a flexible bandage, yet 
capable of uniform, efficient heat • Proven performance in 
diagnostic devices, catheters, fluid warming, respirators 


Etched-foil element with chemical-resistant polyimide 
insulation • Drop-in-place subassemblies with integral 
sensors, connectors, metalwork, flex-circuitry • Optional 
factory mounting • Full range of temperature controllers 
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@ Improved Automated System for Transferring Liquid Helium 

Consumption of liquid helium would be reduced by optimizing use of vapor for precooling. 

Goddard Space Right Center, Greenbelt, Maryland 


An improved automated system for transferring liquid 
helium from a supply tank to an end-use cryostat has been 
proposed. Like automated systems developed previously 
for the same purpose, this system would reduce the time 
that must be spent by technicians in replenishing 
cryostats in equipment required to operate for times 
longer than cryostat holding times. However, relative to 
prior automated liquid-helium-transfer systems, this sys- 
tem would operate in a more nearly optimum manner so 
as to reduce the consumption of liquid helium. Examples 
of equipment with which this system could be used in- 
clude apparatuses for long-duration scientific experi- 
ments and large cooled electromagnets in medical imag- 
ing systems. 

The system would control the flow of liquid helium 
through a transfer line and would control ancillary flows of 
helium gas generated by vaporizadon of the liquid helium. It 
would precool the transfer line, as needed, to minimize boil- 
ing of liquid helium in the line and would prevent the flow of 
warm gas into the cryostat. 
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The system would include a liquid-level sensor in the cryo- 
stat, an electronic control circuit, three valves (VI, V2, and 
V3, as shown in the figure), and a temperature sensor in the 
transfer line upstream of VI. The transfer line would com- 
prise a stainless steel inner tube for carrying liquid helium, 
surrounded by a vacuum jacket to minimize loss of heat, sur- 
rounded by an outer tube for the passage of helium gas to 
cool the parts within. V2 would control the flow of liquid he- 
lium through the inner tube. VI, located at the top of the 
inner tube, would control the flow of helium gas from the 
inner tube to the outer tube. After flowing though the outer 
tube, the helium gas could be vented, or, if necessary for 
safety, it could be collected. V3 would be used to stabilize the 
system by bleeding off helium gas generated by vaporization 
in the storage tank. 



Storage Tank 


Three Valves Would Control the Flows of liquid and gaseous helium in this 
system. 


Upon sensing that the cryostat liquid level was below the 
minimum acceptable level, the system would trigger a regula- 
tor to pressurize the storage tank to pump liquid helium into 
the transfer line. Simultaneously, VI would be opened. The 
initial warmth of the transfer line would cause some of the liq- 
uid helium to boil; the resulting vapor would flow through VI 
into the outer tube. Once the temperature measured just up- 
stream of VI had fallen to predetermined level near the boil- 
ing temperature of helium, VI would be closed and then V2 
would be opened so that liquid helium could flow through 
the inner tube to the cryostat. When the cryostat liquid level 
reached the maximum acceptable level, the transfer would be 
considered to be complete and hence both VI and V2 would 
be closed. 

This work was done by G. Mark Cushman and Richard M. Gum- 
mer of Goddard Space Flight Center. 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to the Patent Counsel , Goddard Space Flight 
Center; (301) 286-7331. Refer to GSC-14106. 
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§ Algorithm for Computing Dynamics of Molecules 

Equations of motion are solved more efficiendy. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


The Newton-Euler Inverse Mass 
Operator (NEIMO) algorithm and 
software that implements the algo- 
rithm have been developed to reduce 
the amount of time needed to perform 
computational simulations of the dy- 
namics of macromolecules. The 
NEIMO algorithm and the associated 
software are intended, in particular, 
for simulations of molecular motions 
at a space-time mesoscale, defined 
here as a length scale ranging from 
nanometers to micrometers and a time 
scale ranging from microseconds to 
milliseconds. Older molecular-dynam- 
ics algorithms and computer programs 
are not suitable for mesoscale simula- 
tions because they were formulated for 
the time scales, of the order of a mi- 
crosecond or less, characteristic of 
such high-frequency degrees of free- 
dom as stretching of molecular bonds. 

If, in a macromolecular-dynamics 
computation, one constrains the high- 
frequency degrees of freedom and 
uses internal coordinates, one not 
only reduces the number of degrees of 
freedom but also enables the use of a 
larger time step in numerical integra- 
tion. Doing so also eliminates frirtion 
in the simulated system, enabling fast 
and efficient searches among confor- 
mations. On the other hand, the use 
of internal coordinates leads to cou- 
pled equations of motion. The solu- 
tion of the equations involves inver- 
sion of a dense mass matrix. Older 
algorithms that solve coupled equa- 
tions of motion exhibit computational 
complexity proportional to 0( A/ 8 ), 
where O(X) signifies a number of the 
order of X and N is the number of de- 
grees of freedom in a simulated sys- 
tem. For example, for a rhinovirus 
containing nearly 500,000 atoms, it 
would be necessary to invert a 
1 67, 000-by-l 67,000 matrix at every 
time step — clearly impractical. 

The NEIMO algorithm was derived 
within the theoretical framework of the 
spatial-operator formulation of multi- 
body dynamics. This formulation, 
which has been discussed in a number 
of previous issues of NASA Tech Briefs , 
was conceived for modeling the dy- 
namics of complex, articulated collec- 
dons of bodies (principally, multiple- 
link robot arms); since its conception, 
this formulation has also been found to 
be useful for simulating the dynamics 


of a variety of complex systems, includ- 
ing molecules. The software that imple- 
ments the NEIMO algorithm is a modi- 
fied version of the DARTS computer 
program, which was also based on the 
spatial-operator formulation and was 
reported in “Program for Simulating 
Dynamics of Multibody Systems” (NPO- 
20168), NASA Tech Briefs, N 61. 22, No. 2 
(February 1998), page 70. 


The great advantage of NEIMO is 
that in comparison with the older al- 
gorithms, it involves much less compu- 
tation. The computational complexity 
of the NEIMO algorithm is propor- 
tional to O(N) — much less than 0( A/ 8 ) 
for multiple degrees of freedom. The 
NEIMO algorithm solves the con- 
strained equations of motion effi- 
ciently by keeping all high-frequency 


Smart Switches 

THE INTELLIGENT WAY 
TO LAUNCH ANY APPLICATION 



TEXT STILL IMAGES MOVING 

DISPLAYS 



be programmed to display numbers, characters, 


still images and moving graphics. They can also be 
programmed with switch-to-switch animation sequences 
that guide users through an error-free succession of even 
the most complex actuations. Regardless of your industry, 
don’t launch another application without looking into 
NKK Smart Switches. 



SWITCHES 


Phone (480) 991-0942 • Fox (480) 998-1435 
7850 E. Gelding Drive, Scottsdale, Arizona 85260 
www.lcdswitch.com 


NASA Tech Briefs, October 2001 


55 



100 BaseT 


Network 


For Free Info Circle No. 431 or 
Enter No. 431 at www.nasatech.com/rs 


Record Sensor Signals 
at 50MB/s with our 
Portable daqPC 


Up to 

1 28 channels 


90GB RAID 


Incredible 

daqPC 


An 'Open Architecture' PC that 
Acquires, Archives and Networks 
Analog Sensor Signals in Real-Time 


info@ics-ltd.com 

www.ics-ltd.com 


EF INTERACTIVE 
-CIRCUITS AND 
SYSTEMS LTD. 


DYNITIC SYSTEMS 

New Concepts in Motion 


Quality Servo Motors, Gear Motors <& Actuators 


Aerospace, Military, Medical 
Industrial Applications 


Built to suit your 
application 


sdical 

r# 


Ceramic, Neodymium or 
Samarium-Cobalt Magnets 

Custom Connectorization <& Cabling 

Harsh environments. Temperature Extremes, 
and DO- 160D EMI Specs are no problem 

Dynetic Systems 
19128 Industrial Blvd 
Elk River, MN 55330 
(763)441-4300 fax (763)441-5217 
sales@dynetic.com 


For Free Info Circle No. 409 or 
Visit www.nasatech.com/409 
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modes fixed and reduces the number of degrees of freedom 
from 3Af (where Af is the number of atoms) to M. The re- 
maining degrees of freedom are the dihedral ones. 

This work was done by Abhinandan Jain , Guillermo Rodriguez , 
and Nagaranjan Vaidehi of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information , access the Technical Support 
Package (TSP) free on-line at wwzu.nasatech.com under the Physi- 
cal Sciences category. 

This software is available for commercial licensing. Please con- 
tact Don Hart of the California Institute of Technology at (818) 
393-3425. Refer to NPO-20796. 


'i* Improving Thin Foil X-Ray 
Mirrors 

Resolution and diameter would be increased. 

Goddard Space Flight Center, Greenbelt, Maryland 

A proposal has been made to develop improved thin foil, 
replicated conical mirrors for use in x-ray astrophysics. In the 
NASA astrophysical programs in which such mirrors are 
used, they are required to be lightweight, and to offer mod- 
erate angular resolution and high throughput to afford re- 
quired sensitivity in the photon-energy band from 0.1 to 20 
keV. In the proposed improvement program, emphasis 
would be placed on increasing resolution and diameter: 

• Angular resolution would be increased from the current 
level (half-power diameter of 1 arc minute, achieved for the 
Astro-E mission) to a higher level (half-power diameter of 
15 arc seconds, required for the Constellation-X mission). 

• Mirrors with diameters as large as 1.6 m would be developed. 
Increased angular resolution of replicated conical foil mir- 
rors depends mostly on the geometric accuracy and micro- 
scopic roughness of the surface being replicated, and on the 
accuracy with which the foil reflectors are held in position in 
mirror structures. According to the proposal, precise conical 
mandrels with root-mean-square surface roughness less than 
5 A would be either fabricated in house or bought to demon- 
strate the ability to make precise reflectors. Polished quartz 
or Zerodur (or equivalent low-thermal-expansion glass) man- 
drels as well as less expensive diamond-turned nickel man- 
drels would be tested. The following three approaches would 
be investigated as means for increasing the accuracy of hold- 
ing fixtures: (1) highly precise electrical-discharge machin- 
ing, (2) diamond turning, and (3) application, to silicon fix- 
tures, of microlithographic and etching techniques used in 
fabricating microelectronic circuitry. 

Simultaneously with the efforts to increase angular resolu- 
tion, there would be efforts to develop a prototype mirror 
with a diameter of 1 m. This effort would entail procuring 
and replicating reflectors from 1-m-diameter mandrels, and 
fabricating housings of the appropriate dimensions. The 
housing for the 1-m mirror would likely be designed similarly 
to housings used for the current narrower conical foil x-ray 
mirrors, except for modifications needed to attain the re- 
quired angular resolution. 

This work was done by Robert Petre, William Zhang , and Peter 
Serlemitsos of Goddard Space Flight Center and Yang Soong of 
USRA. For more information, contact the Commercial Technology 
Office at Goddard Space Right Center at (301 ) 286-5810. 
GSC-14043 
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© An Improved Genetic Algorithm for Optimal Spacecraft 
Scheduling 

A genetic algorithm and heuristic routine are combined to improve scheduling performance. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A method of computing globally opti- 
mal schedules and plans in the face of 
possibly temporally varying constraints 
involves the use of an improved genetic 
algorithm. The method and computer 
program are directed toward the even- 
tual use to schedule tasks to be per- 
formed on spacecraft. 

The main problem in scheduling is to 
select the order and the starting and end- 
ing times of tasks so that they do not vio- 
late constraints; among other tilings, this 
means that the instantaneous aggregate 
demands of the tasks must not exceed the 
available resources (e.g., finite power- 
generating capacities) and that the tasks 
must be completed within the allowable 
time. One can treat a scheduling prob- 
lem as a global-optimization problem if 
one embeds resource limits and other 
consuainb Into a cost or fitness function 
One can then use a genetic algorithm to 
search the space of potential solutions. 

The present genetic algorithm incor- 
porates several improvements over a 


prior algorithm that result in better per- 
formance, including higher speed and 
improved schedules. One improvement 
is a heuristic routine (see figure) that 
takes the order of tasks as input and gen- 
erates the starting times of the tasks as 
output. 

Another improvement is a capability 
for systematic incorporation of time and 
task ordering constraints. Specific tasks 


input = order of tasks 

output = starting times of the tasks 

for time = first to last 
for task = first to last 

if task satisfies ordering constraints 
if task satisfies resource constraints 
starting time of the task = time; 
end 
end 
end 
end 


This Heuristic Routine generates feasible solu- 
tions for the improved genetic algorithm. This 
routine has been found to be particularly effec- 
tive for scheduling tasks subject to resource and 
time constraints. 


can now be forced to be performed be- 
fore, after, or during other tasks, and/or 
specified absolute times. Time-out and 
nonoverlap constraints can also be ap- 
plied. These new time and task ordering 
constraints are added to the resource 
constraints that were included in the 
prior algorithm. 

Still another improvement is a capa- 
bility for adaptive resequencing. In this 
mode, the genetic algorithm functions 
in an environment where resource con- 
straints, time constraints, and task prior- 
ities can change at any time. Examples 
have shown that the algorithm works 
well, even when such changes are made 
during computation. 

This work was done by David Bayard , 
Hamid Kohen , George Papavassilopoulos , 
and Il-Jun Jeong of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, access the Technical Supptni Package 
(TSP) free on-line at wxrnv.nasatech.com 
under the Information Sciences category. 
NPO-20884 


@ Timeout Algorithm for Communications With Long Delays 

Communications over long or intermittent links would be more efficient. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A query timeout detection algorithm 
has been proposed to support a protocol 
for reliable communications over links 
that are characterized by long delays be- 
cause of ( 1 ) propagation of signals over 
interplanetary distances and/or (2) in- 
termittency. The protocol could be an 
interplanetary analogue of Transmission 
Control Protocol/Internet Protocol 
(TCP/IP) of the terrestrial Internet. 
The protocol would enable the inter- 
connection of the terrestrial Internet 
with the internets planned for Mars and 
other destinations in the Solar system. 
Potential beneficiaries include operators 
of space-exploration missions in the 


short term and commercial internet 
users in the long term. 

“Timeout” as used here refers to a 
deadline for determining whether it is 
necessary to retransmit a packet of data 
because either the packet or an ac- 
knowledgement of the packet was not 
delivered. Timeout intervals can be esti- 
mated from signal-propagation times. 
However, in the presence of extremely 
long and variable propagation delays 
and/or intermittency of communication 
links, the proposed algorithm would es- 
timate timeout intervals more accurately 
and thus make it possible to utilize avail- 
able transmission time more efficiently. 


In the proposed algorithm, a timeout 
interval would be represented as a sum 
of eight subintervals. Values of some of 
the subintervals would be estimated ini- 
tially and used to determine a reason- 
able future time when their final values 
must be calculated. At that time, the sum 
of subintervals would be recalculated to 
determine a final deadline. 

This work was done by Scott C. Burleigh of 
Caltech for NASA’s Jet Propulsion Labo- 
ratory. For further information , access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Information 
Sciences category. 

NPO-20519 
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M Solar Sails Would Be Made From Carbon Nets 

A report proposes that solar sails for spacecraft be made from 
nets of carbon fibers. The reason for choosing carbon nets over 
thin polymeric films is that nets offer greater capability for car- 
rying tensile loads. The sails could be made from carbon-fiber 
nets of various thicknesses: nets used for high emissivity could 
be made from nanotube carbon fibers; nets for holding alu- 
minum reflectors could be made from micron-thickness fibers; 
nets to carry tensile loads in sails could be made from fibers 
with thicknesses between 10 and 100 pm; and nets to carry large 
bulk loads and loads in high-stress areas could be made from 
fibers with thicknesses from 100 to 1,000 pm. 

This work was done by Charles Gamer of Caltech for NASA’s Jet 
Propulsion Laboratory. To obtain a copy of the report , u Carbon Net 
Solar Sail, n access the Technical Support Package (TSP) free on-line at 
urwwnasatech.com under the Materials category. 

NPO-20852 


$ Solar Sails Would Be Segmented To Minimize 
Stresses 

A report proposes that solar sails for spacecraft be con- 
structed in segments in such a way as to minimize stresses. The 
segments could be made of metallized fabric or film and could 
be connected by short, strong tethers. Alternatively, the seg- 
ments could be like islands, held loosely in pockets bounded by 
fibers. For stowage during transport to outer space, the sails 
could be folded along the gaps between segments, so as to min- 
imize folding stresses in the sail material. Because tensile and 
other stresses in the sail material would be minimal, the sail ma- 
terial could be made in a thickness of the order of a micron and 
could thus be very lightweight. In cases in which there are re- 
quirements for sails to sustain tensile stresses, carbon-fiber nets 
like those described in the preceding article could be used. 

This work was done by Charles Gamer of Caltech for NASA’s Jet 
Propulsion Laboratory. To obtain a copy of the report , “ Segmented 
Solar Sail Design, ” access the Technical Support Package (TSP) free 
on-line at wwwnasatech.com under the Materials category. 
NPO-20853 


& Modular Propulsion Clusters 

A report proposes the development of modular propulsion 
clusters (MPCs) — small, self-contained propulsion systems 
that would be standardized, mass-produced, and readily in- 
stalled on a variety of miniature future spacecraft. The MPCs 
would be inexpensive, “turn-key” alternatives to expensive con- 
ventional propulsion systems that are designed and built inte- 
grally with other spacecraft systems and structures. Each MPC 
would contain its own propellant tank, isolation valve, gas 
plenum, and valve/nozzle thruster assemblies. Each MPC 
would be delivered fully loaded; installation on a spacecraft 
would involve only mounting and electrical connections. The 
propellant would be a liquid that, by electrical actuation of 
valves, would be metered into the plenum as needed to vapor- 
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ize and generate thrust. An important advantage of using a va- 
porizing propellant liquid (as opposed to a propellant gas) is 
that stopping a liquid leak is orders of magnitude easier than 
is preventing a gas leak. 

This work was done by Barry Nakazono of Caltech for NASA’s Jet 
Propulsion Laboratory. To obtain a copy of the report , u Modular 
Propulsion Cluster, ” access the Technical Support Package (TSP) free orb 
line at unmanasatech.com under the Machinery /Automation category . 
NPO-20783 


$ Positioning System for a Human Habitat in a 
Large Centrifuge 

A report describes the system for controlling the radial posi- 
tion and tilt of a spacecrafdike habitat for humans in NASA’s 
Space Flight Environmental Simulator (SFES) — a 16-m-diam- 
eter centrifuge used previously to evaluate effects of hyper- 
gravitational acceleration on animals. The habitat-positioning 
system was installed as an upgrade of the SFES to enable simi- 
lar testing on humans to obtain guidance for designing cen- 
trifugal artificial-gravitation systems for future spacecraft. 

This work was done by W. F. Caldwell , fr., of Ames Research Cen- 
ter, J. Tucker of Gates/ Arrow Distributing , and P. Keas of Sverdrup 
Technology , Inc. To obtain a copy of the report , “Human Habitat 
Positioning System for NASA ’s Space Flight Environmental Simula- 
tor, " access the Technical Support Package (TSP) free on-line at www. 
nasatech.com under the Machinery /Automation category. 
ARC-14331 


& Launch-on-Demand Servicing Microsatellites 

A report describes an emerging class of miniature, highly ca- 
pable, relatively inexpensive satellites that could be launched 
rapiaiy by nuii traditional methods. Of particular interest is a 
subclass of proposed launch-on-demand microsatellites for in- 
specting and servicing other satellites (targets) already in 
orbit. A satellite of this subclass would have a mass of < 30 kg 
and could be launched, by use of a modified missile system, 
from a fighter airplane in flight. 

This work was done by George Jaivin of CaUech for NASA’s Jet 
Propulsion Laboratory. To obtain a copy of the report, “Novel Mis- 
sions for Next Generation Microsatellites: The Results of a Joint AFRL/ 
JPL Study, ” access the Technical Support Package (TSP) free on-line at 
www.nasatech.com under the Machinery /Automation category. 
NPO-20813 


First-Generation Integrated Free-Flying 
Micro-Spacecraft 

The concept of free-flying micro-spacecraft was to develop a 
miniature spacecraft system fully integrated with a scientific sen- 
sor. A fleet of such tiny spacecraft would be deployed in space for 
multi-probe measurements of a three-dimensional phenome- 
non and to separate the spatial/ temporal variations of that phe- 
nomenon. They would measure a parameter of interest, process 
the data onboard, and communicate the data in real time. 

This work was done by Hamid Javadi, Raymond Goldstein, and 
James Randolph of Caltech /or NASA’s Jet Propulsion Laboratory. 
To obtain copies of the reports, “A Fully Integrated Micro-Mag- 
netometer/Microspacecraft for Multipoint Measurements: The Free- 
Fly er Magnetometer” and “First-Generation Jet Propulsion Laboratory 
Hockey-Puck' Free-Flying Magnetometers for Distributed In -Situ Mul- 
tiprobe Measurement of Current Density Filamentation in the North- 
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Books & Reports 

Auroral Zone: Enstrophy Mission , ” access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Physical 
Sciences category. 

NPO-20128 


fjt Miniature Electrothermal 
Thruster 

A report proposes a miniature elec- 
trothermal spacecraft engine. The en- 
gine would include a chamber with an 
inside length of =1.5 cm and inside di- 
ameter of =0.25 cm, with a dielectric 
(ideally diamond) sidewall lining, a 
metal-coated expansion nozzle at one 
end, and a metal electrode at the other 
end. A propellant liquid (ammonia) 
would be vaporized into the cavity. To 
heat the NH 3 vapor and dissociate it to a 
nitrogen/hydrogen plasma, the cavity 
would be excited with an electromag- 
netic field at a cavity resonance fre- 
quency of about 25 GHz (also the fre- 
quency of a dielectric resonance of 
NH S ). The expansion of the plasma 
through the nozzle would generate 
thrust. The electric field would be of 
such a strength and configuration as to 
prevent contact between the plasma and 
the inner surface of the chamber. The 
plasma skin depth would be great 
enough that the plasma could absorb a 
large proportion of the electromagnetic 
energy. By use of refractory electrode 
and dielectric materials, pulsed opera- 
tion, and, preferably, evaporative cool- 
ing of the chamber wall by the propel- 
lant liquid, it should be possible to 
achieve high plasma temperature and 
pressure and, thus, high thrust. 

This work was done by Frank T. Hartley of 
Caltech for NASA’s Jet Propulsion Labo- 
ratory. To obtain a copy of the report , 
“ Miniature Microthermal Thruster , ; ” access 
the Technical Support Package (TSP) free on- 
line at www.nasatech.com under the Ma- 
chinery/Automation category. 

NPO-20969 


Using Photosynthetic 
Bacteria To Make Oxygen 
on Mars 

A report presents a proposal to har- 
ness photosynthetic bacteria to generate 
essential materials needed during 
human and robotic exploration on the 
surface of Mars. Utilizing an extremely 
small amount of H 2 0 and an ample 
amount of C0 2 (and N 2 and/or other el- 
ements and compounds) already pre- 
sent in the Martian environment, along 


with sunlight as the source of energy, the 
bacteria would produce 0 2 and carbon- 
containing compounds (and nitrogen- 
containing compounds). The 0 2 could 
be used to support human respiration 
and to bum fuels; the other compounds 
could be used, variously, to produce 
food and fuel or to grow green plants 
other than bacteria to produce food and 
fuel. The proposal would exploit the in- 
herent capability of bacteria to repro- 
duce and to adapt to changing environ- 
mental conditions. Bacteria to 
implement the proposal would be bred 
selectively and/or be genetically engi- 
neered for the intended applications, 
starting from candidate strains of nat- 
ural terrestrial purple and green bacte- 
ria and cyanobacteria that can withstand 
harsh environments. 

This work was done by Hamid Kohen of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. To obtain a copy of the report, “A 
Biologically Evolved and Genetically Engi- 
neered Bacteria for Facilitating Oxygen De- 
livery Throughout the Mars Advanced Out- 
post , ” access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Bio-Medical category. 

NPO-20927 


DNS of a Transitional 
Supercritical C 7 H 16 /N 2 
Mixing Layer 

This report discusses direct numerical 
simulations (DNS) of a mixing layer, be- 
tween a nitrogen stream and a heptane 
stream initially flowing at different ve- 
locities, under supercritical conditions 
and undergoing a transition to turbu- 
lence. Thermodynamically, supercritical 
conditions prevail when either the tem- 
perature or the pressure exceeds its crit- 
ical value; the critical regime is in partic- 
ular characterized by the existence of a 
single phase. The governing conserva- 
tion equations were formulated accord- 
ing to fluctuation-dissipation (FD) the- 
ory, in which the low-pressure typical 
transport properties (viscosity, diffusiv- 
ity, and thermal conductivity) are com- 
plemented, at high pressure, by a ther- 
mal-diffusion factor. 

This work was done by Josette Bellan and 
Nora Okongo of Caltech for NASA’s Jet 
Propulsion Laboratory. To obtain a copy 
of the report, “Direct Numerical Simulation of 
a Transitional Supercritical Mixing Layer: 
Heptane and Nitrogen, ” access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Physical Sci- 
ences category. 

NPO-21144 
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Lighting Products 

A new Web site from 
Gilway Technical Lamp, 

Woburn, MA, features 
lens-end lamps, miniature 
and neon lamps, halogen 
lamps, cold-cathode fluo- 
rescent — and pre-focused 
lamps and reflector assem- 
blies, and a range of LEDs 
in thousands of thru-hole 
and SMT configurations. 

Specifications are offered in downloadable PDF files. E-mail links are 
built in for obtaining quotations and catalogs, www.gilway.com 




Motors and Drives 

Pacific Scientific, Rockford, 
IL, has established a chat 
room on its Web site where 
engineers can answer cus- 
tomer questions regarding 
Pacific Scientific motors and 
drives, and their applica- 
tions. By logging in, users 
may speak to a Pacific 
Scientific engineer, although 
the room is available to anyone with an interest in chatting about 
industry issues, www.pacsci.com 



CAD Translation 

CADCAM-E.COM, Farm- 
ington Hills, MI, has intro- 
duced a Web translation ser- 
vice from ACIS- to PARA- 
SOLID-based CAD/CAM/ 

CAE systems. The service 
allows users to read and 
manipulate data files gener- 
ated by enterprise CAD sys- 
tems. Users can download 
software and perform trans- 
lations at their desktop. 

The service converts curve, surface, and solid data between the ACIS 
and Parasolid solid modeling kernels, www.cadcam-e.com 



Pump Assemblies 



A Web-based VPV product 
locator has been introduced by 
Bosch Automation Technology, 
Racine, WA. The feature allows 
users to create a valid VPV pump 
model code while reviewing fea- 
tures and options during the 
selection process. Once a model 
code is selected, the system will 
determine if a production part 
number has been previously 
issued. If the Bosch 10-digit num- 
ber is already known, the user 
can enter any portion of the 
number to explore the established model code, www.boschat.com 



For Free Info Circle No. 446 or 
Enter No. 446 at www.nasatech.com/rs 



We’re BIG on 
the little things. 


No matter how complex your custom stamped com- 
ponents, you can count on us to provide you with 
exceptional quality and service from start to finish. We 
firmly believe that superior technology sets us apart... 
yet, we also know paying attention to the small details 
is just as important. From design to delivery, we’re 
committed to you — and that makes cents for us both. 


875 Lund Blvd.. Anoka, MN 55303 
763-427-6275 • Fax:763-427-9242 

www.meiertool.com 
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ASME International 


In Business Problems? 
In-Company Solutions 

Identify your training needs and save time, 
while cutting costs with ASME In-Company 

Programs! 

• ASME has the engineering courses and industry 
experts that enable your company to stay ahead 
in today's competitive marketplace. 

• We will work closely with you to ensure that 
objectives are met and examples are incorporated 
specific to your company’s needs. 

Call or e-mail to find out more information about 
ASME In-Company Programs today! 


ASME International 
Tel: 212-591-7752 
Web: www.asme.org/pro_dev 
Email: rubine@asme.org 


For Free Info Circle No. 449 or 
Enter No. 449 at www.nasatech.com/rs 


SENIOR SCIENTIST 
FOR SPACE EXPERIMENTS 

AFRL’s Space Vehicles Directorate invites applications 
for the position of Senior Scientist, Space Experiments. 
We are seeking an internationally recognized expert in 
science or engineering to ensure that the scientific goals 
for Space Vehicles Directorate space experiments and 
demonstration of breakthrough technologies are accom- 
plished and results provide significant new capabilities to 
the Air Force space mission. 

Applicants should have an outstanding record of 
achievement in space experiments through a strong pub- 
lication record, research citations, invited lectures and 
patents, and international recognidon for contributions 
in space science technology. A Doctorate or equivalent 
and a Fellowship in a national professional society are 
also desired. 

This senior AFRL position is open only to exception- 
ally qualified candidates and located at the Air Force 
Research Laboratory, Space Vehicles Directorate, 
Kirtland Air Force Base, Albuquerque, New Mexico. 
Salary and other employment factors are negotiable. 

Further applicadon information can be obtained from 
Dale Hite at (505) 846-2602, Ms Linda Kapitan, HQ 
AFMC/DPK, (937) 257-1094, or under “Space Experi- 
ments” at http://iiriLrwMfinc.ivpafbMf.mil/HQAFMC/DP/dpk. 
The Air Force is in an equal opportunity employer. 


NeW on the 


► ►►►►►►►►►►► 

Ultrasonic Level Transmitter 

The LVU-1100 Series ultrasonic, non-contact, 
remote liquid level transmitter from OMEGA 
Engineering, Stamford, CT, uses small sensor 
technology to fit into hard-to-reach spaces such 
as existing capacitance system installations. The 
transmitter consists of a transducer and micro- 
processor-based electronics housed in a NEMA 7 
explosion-proof enclosure. It has a 3/4" NPT 
mount for ranges from 1 to 12 feet. The sensor is 
suitable for liquid level measurement and prod- 
uct runout. For Free Info Circle No. 700 or 
Enter No. 700 at www.nasatech.com/rs 




Single-Board Computer 

WinSystems, Arlington, TX, has 
introduced the LPM-TX industrial- 
grade single-board computer based 
on Intel’s “Tillamook” Pentium* 
processor. The board provides an 
upward migration path for STD Bus 
systems while maintaining hard- 
ware, I/O, and software compatibil- 
ity over a full industrial temperature range. It operates at a system clock 
speed of 166 MHz, and includes 16 KB of code, 16 KB of data cache, and 
a floating point processor for math-intensive applications. It comes with 
32 MB or 64 MB of surface-mounted synchronous DRAM. For Free Info 
Circle No. 701 or Enter No. 701 at www.nasatech.com/rs 



Simulation Software 

MSC.Marc 2001 nonlinear simulation 
software from MSC. Software Corp., 
Santa Ana, CA, is part of the 
MSC.visualNastran Enterprise family, 
and features scalable parallel technolo- 
gy for advanced contact analysis, auto- 
mated 3D meshing tools to reduce test- 
ing, and simulation capabilities for 
transportation, biomedical, and other industries. Other features 
include intuitive modeling capabilities including a graphical user inter- 
face, direct access to CAD geometry, and meshing capabilities. 
Applications include manufacturing simulations such as contact, forg- 
ing, rolling, welding, sheet stamping, and interference fitting of mate- 
rials ranging from metals to elastomers. For Free Info Circle No. 705 or 
Enter No. 705 at www.nasatech.com/rs 




Switching Card 

The Model 7090 opti- 
cal switching card from 
Keithley Instruments, 

Cleveland, OH, enables 
optical, DC, and RF 
switching. It provides 
switching of an optical 
signal among several 
instruments, a single 
instrument among mul- 
tiple devices, or a combination of both. The card is designed for opto- 
electronic device manufacturers to automate test applications. The 
card is available in 1 x 4 and 1x8 switching configurations. For Free 
Info Circle No. 702 or Enter No. 702 at www.nasatech.com/rs 
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PRECISION 
ALUMINUM 
EXTRUSIONS 

New! An informative 
brochure from MIN- 
ALEX, leader in 
close tolerance 
shapes to 3 1/2", 
illustrates typical 
applications and de- 
scribes capabilities 
including short 
runs. MINALEX, 
quality leader, delivers on time, every time. 
MINALEX, PO Box 247, Whitehouse Station, NJ 
08889; Tel: 908-534-4044; Fax: 908-534-6788. 

Minalex 

For Free Info Circle No. 601 or 
Enter No. 601 at www.nasatech.com/rs 
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FREE DATA 
ACQUISITION 
STARTER KIT 

Maybe you’ve always 
wanted to try PC-based 
data acquisition. Or 
maybe you acquire data 
now but aren’t pleased 
with the results or per- 
formance. Here’s your 
chance to try our solution absolutely FREE. Sign up 
to receive our WinDaq Starter Kit that includes data 
acquisition hardware, and a CD-ROM containing 
WinDaq software, a multimedia tutorial, and elec- 
tronic catalog. Visit DATAQ Instruments on the 
web at www.dataq.com/nlit to register. 

DATAQ Instruments 




AUTOMATED TEST 
AND MEASUREMENT 
SOLUTIONS 
BROCHURE 

Automated Test and Mea- 
surement Solutions, a free 
brochure from National In- 
struments, describes how scien- 
tists and engineers can increase productivity and 
lower costs by using the latest PC technologies with 
National Instruments software and hardware to cre- 
ate high-performance, computer-based measure- 
ment and automation systems. Call today for a free 
brochure. National Instruments; Tel: 800-894-0885 
(U.S. and Canada), 512-794-0100; Fax: 512-683- 
9300; e-mail: info@ni.com; www.ni.com/info/test 

National Instruments 

For Free Info Circle No. 603 or 
Enter No. 603 at www.nasatech.com/rs 


DATA ACQUISITION 
AND 

INSTRUMENTATION 
eCATALOG 

This free 37-page short-form 
catalog from IOtech features 
product overview charts and 
selection guides for IOtech ’s 
wide range of data acquisi- 
tion systems and signal conditioning options. New 
products include the ScanWare™ family of prod- 
ucts for Ethernet-based data acquisition and a new 
multi-function, 8-channel counter/encoder module 
for the portable data acquisition systems. IOtech, 
Inc.; Tel: 440-439-4091; Fax: 440-439-4093; email: 
sales@iotech.com; website: www.iotech.com 

IOtech, Inc. 

For Free Info Circle No. 604 or 
Enter No. 604 at www.nasatech.com/rs 




REVVO CASTERS & 
WHEELS 

New brochure presents 
Rewo’s comprehensive line 
of light, medium and heavy- 
duty casters and wheels for 
industrial products, display 
stands, medical equipment, 
furniture, business ma- 
chines, material handling 
and special applications. Competitively priced, 
Rewo casters and wheels are manufactured to the 
highest quality standards for performance and 
durability. The Rewo Caster Company, Inc., 2440 
North America Dr., West Seneca, NY 14224; Tel: 
716-675-9609 or 888-883-3596; Fax: 716-677-2363; 
e-mail: rewoinc@msn.com; www.rewocaster.com 

The Rewo Caster Company, Inc. 

For Free Info Circle No. 605 or 
Enter No. 605 at www.nasatech.com/rs 



SCSI 

ENCLOSURES 

StorCase™ Tech- 
nology is pleased to 
announce the re- 
lease of a new line of external expansion chassis, 
the InfoStation™ backplane-design SCSI enclosure. 
Its direct connect backplane supports up to 9 high- 
density, high-speed, 3.5" SCSI single-ended, Ultra2, 
or Ultra 160 SCA devices for RAID or JBOD applica- 
tions. With upgrade slots for adding RAID and SAF- 
TE controller modules, the InfoStation is ready for 
the future when you are. StorCase Technology, a 
Kingston Technology Co.; www.storcase.com 


StorCase Technology, Inc. 

For Free Info Circle No. 606 or 
Enter No. 606 at www.nasatech.com/rs 


NEW 2001 
RETAINING RING 
CATALOG 

Smalley has over 4,100 
rings in stock, sizes from 
1/2" to 16". Special designs 
are available with No- 
Tooling-Charges™ with 
sizes from 9/32" to 84"; 
available in carbon and 
stainless steel. Smalley engineers are always avail- 
able for FREE design assistance. Smalley rings have 
No Ears to Interfere™. Smalley Steel Ring 
Company, 385 Gilman Avenue, Wheeling, IL 60090; 
Tel: 847-537-7600; Fax: 847-537-7698; e-mail: 
info@smalley.com ; wtvw.smalley.com 

Smalley Steel Ring Company 

For Free Info Circle No. 607 or 
Enter No. 607 at www.nasatech.com/rs 




LIGHT DETECTOR 
ASSEMBLIES 

Electron Tubes’ catalog fea- 
tures a complete line of Light 
Detector Assemblies designed 
for very low and high light 
level detection and measure- 
ment. Assemblies are avail- 
able for analog, photon 
counting and pulsed light applications. Ideal for 
Spectrophotometry, Bioluminescence and 
Chemiluminescence, Harsh Environments, 
Scintillation Counting and High Energy Physics 
Experiments. For information or assistance please 
visit us at www.electrontubes.com, call 800-521- 
8382, or E-mail us at sales@electrontubes.com. 

Electron Tubes Inc. 

For Free Info Circle No. 608 or 
Enter No. 608 at www.nasatech.com/rs 



THERMACAM® 

SC 500 LOW-COST 
I HERivlAL iiViAGSNG 
SYSTEM 

Evaluate thermal performance 
with the powerful, yet afford- 
able SC 500 FPA infrared 
imaging and temperature 
measurement system. ThermaCAM IR cameras 
offer outstanding thermal imaging, non-contact 
precision temperature measurement, extensive 
analysis, trending and reporting capabilities for 
R&D, thermal testing, product validation, design 
verification, and general scientific applications. 
FLIR Systems, 16 Esquire Rd., North Billerica, MA 
01862; Tel: 1-800-GO-INFRA; www.flir.com. 

FLIR Systems 

For Free Info Circle No. 609 or 
Enter No. 609 at www.nasatech.com/rs 


DISTANCE 
LEARNING 
SAVES TIME 
AND MONEY 

Learn Finite Element 
Analysis using ALGOR 
software right at your 
desk with hundreds of 
Internet-based software 
demonstration Webcasts 
and in-depth product 
training Web Courses at learn6.cTechLearning.com. 
Web Courses qualify for Professional Development 
Hours toward P.E. license renewal. ALGOR, Inc.; Tel: 
412-967-2700; e-mail: learn6@cTechLearning.com; 
leam6.cTechLearning.com. 

ALGOR, Inc. 

For Free Info Circle No. 610 or 
Enter No. 610 at www.nasatech.com/rs 



DYNAMIC FEA 
IS EASIER WITH 
TIMELINE 

ALGOR’s Timeline 
Event Manager enables 
quick, easy definition 
and visualization of 
time-based event curves 
for Mechanical Event 
Simulation, transient 
structural analysis and transient thermal analysis. 
Visit timeline4.algor.com and watch our free 
Webcast on how Timeline simplifies the setup of 
events by plotting multiple curves. ALGOR, Inc.; 
Tel: 412-967-2700; e-mail: timeline4@algor.com. 


ALGOR, Inc. 

For Free Info Circle No. 611 or 
Enter No. 611 at www.nasatech.com/rs 




ALGOR 
SIMULATES 
MEMS 

Free Webcasts show 
MEMS simulation with 
ALGOR’s FEA technol- 
ogy that couples elec- 
trostatic analysis and 
static & dynamic stress 
analyses, all operated 
through an easy-to-use 
interface within CAD 
that includes model 
scaling & building tools. Website: mems6.algor.com; 
email: mems6@algor.com; Tel: 412-967-2700. 

ALGOR, Inc. 

For Free Info Circle No. 612 or 
Enter No. 612 at www.nasatech.com/rs 
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OMEGA ELECTRIC 
HEATERS HANDBOOK 

OMEGALUX Complete Electric 
Heaters Handbook and En- 
cyclopedia™ offers equipment for 
thousands of industrial and lab, 
electric heating, and temperature control applica- 
tions. Over 1,000 color pages present heating cables, 
strip, cartridge, tubular, immersion, lab, specialty, 
and band heaters. Temperature-related products 
include controllers, meters, recorders, sensors, hand- 
helds, and infrared products. Includes prices and 
ordering information. Over 80 pages of valuable 
technical information. OMEGA Engineering, One 
Omega Dr., Stamford, CT 06907; Tel: 203-359-1660; 
Fax: 203-359-7700; www.omega.com 

OMEGA Engineering 

For Free Info Circle No. 613 or 
Enter No. 613 at www.nasatech.com/rs 



FREE CATALOG OF 
TOOLING 
COMPONENTS 

The Reid Tool Supply catalog 
offers more than 40,000 
items, including handwheels, 
handles, knobs, spring and 
ball plungers, vibration-isola- 
tion items, leveling pads, 
clamps, set-up accessories, locating devices, linear 
motion slides, latches, hinges, thread inserts, bear- 
ings, and more. Most items are available in inch 
and metric. All items are in stock for same-day ship- 
ment with no minimum-order requirement. Reid 
Tool Supply Co., 2265 Black Creek Rd., Muskegon, 
MI 49444; Tel: 800-253-0421; Fax: 800-438-1145; 
www. reid tool . com . 

Reid Tool Supply Co. 

For Free Info Circle No. 614 or 
Enter No. 614 at www.nasatech.com/rs 



HIGH 
POWER 
LASER 
DIODES 

High Power Devices 
manufactures sin- 
gle emitter, multi- 
mode diode lasers. 
Visible devices range from 635-730 nm with powers 
from 0.25-1 watt. At IR wavelengths of 780-980 nm, 
power can range from 0.5-5 Watts to 100 Watts 
short pulse. All industry standard packages with 
optional TEC, MPD and Thermistor are available. 
Custom prototyping and pigtailing are optional. 
High Power Devices; Tel: 732-249-2228; e-mail: 
info@hpdinc.com; www.hpdinc.com 

High Power Devices 

For Free Info Circle No. 615 or 
Enter No. 615 at www.nasatech.com/rs 


Magnetic Particle 


Clutches & Brakes 



• tOAD SIMULATION 


MAGNETIC 
PARTICLE 
BRAKES & 
CLUTCHES 


Feature smooth, silent 
sliptorque for tensioning 
( unwind/ rewind i n g) , 
torque limiting 8c load 
simulation. Torque is pro- 
portional to DC input 
current, and independent 
of slip RPM. Stock items, from 1 oz.-inch to 220 lb.- 
in. Placid Industries; Tel: 518-523-2422; Fax: 518- 
523-2746; www.placidindustries.com 

Placid Industries 

For Free Info Circle No. 616 or 
Enter No. 616 at www.nasatech.com/rs 
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CATALOG OF 
METALS & 
MATERIALS 

The Goodfellow 
CD-ROM Catalog of 
Metals 8c Materials 
contains informa- 
tion and pricing for 
more than 40,000 different items, plus a wealth of 
technical data. Search for products by chemical 
name or formula, item number, or trade name, 
then be linked directly to forms, properties, and 
pricing. Comparative data tables are also included. 
Goodfellow, 800 Lancaster Ave., Berwyn, PA 19312- 
1780; Tel: 800-821-2870; Fax: 800-283-2020; e-mail: 
info@goodfellow.com; www.goodfellow.com 

Goodfellow 

For Free Info Circle No. 617 or 
Enter No. 617 at www.nasatech.com/rs 



FIRST NEMA 
4X PLASTIC 
KEYBOARD 

Texas Industrial 
Peripherals’ new 
Desktop Ultimate is 
the first NEMA 
4/4X industrial keyboard housed in a robust ABS- 
Polvcarbonate plastic case. This innovative product 
has 119 keys, including 24 function keys, window 
keys, and an integrated three-button HulaPoint™ 
pointing device. For more information contact: 
Texas Industrial Peripherals; Tel: 800-866-6506; Fax: 
512-837-0207; www.ikey.com 


Texas Industrial Peripherals 

For Free Info Circle No. 618 or 
Enter No. 618 at www.nasatech.com/rs 



DSP LOCK-IN 
AMPLIFIERS 

The SR810 (single 
phase) and SR830 
(dual phase) DSP 
lock-in amplifiers have 
a frequency range of 1 mHz to 102.4 kHz, and pro- 
vide 100 dB of dynamic reserve without pre-filter- 
ing. Output time constants range from 10 ps to 30 
ks, with 6, 12, 18, or 24 dB/oct rolloff. A low distor- 
tion (-80 dBc) synthesized reference source and 
GPIB and RS-232 computer interfaces are standard. 
SR810 Single Phase Lock-In: $3,650; SR830 Dual 
Phase Lock-In: $3,950. Stanford Research Systems; 
Tel: 408-744-9040; Fax: 408-744-9049; e-mail: 
info@thinkSRS.com; www.thinkSRS.com 

Stanford Research Systems 

For Free Info Circle No. 619 or 
Enter No. 619 at www.nasatech.com/rs 



POLYGON 
SHAFT-T0-HUB 
CONNECTIONS 

Polygon shaft-to-hub connec- 
tions can transmit twice the 
torque of involute splines in 
the same shaft diameter, due to the elimination of 
stress concentration risers. Three-lobe polygons are 
self-centering, and provide perfect concentricity, as 
they are precision ground on centers, with the shaft 
bearing diameters, using one set-up. They can be 
ground after heat treating, for absolute minimal 
clearance and backlash. Zero backlash connections 
are manufactured using taper polygons. Four-lobe 
polygons slide under torque loads. Stoffel Polygon 
Systems, Inc.; Tel: 914-961-2000; Fax: 914-961-7231. 

Stoffel Polygon Systems, Inc. 

For Free Info Circle No. 620 or 
Enter No. 620 at www.nasatech.com/rs 



MINI-POSITIONING 
TABLES 

New catalog of precision 
miniature positioning tables 
designed for applications 
where precise positioning of 
smaller payloads within a 
small work envelope is criti- 
cal. The new 401XR linear 
positioners are only 1.6 inches wide and offer 
standard features such as protective strip seals, 
linear encoder (0.1 micron resolution), precision 
ground ballscrew, and high-strength recirculat- 
ing bearing system. Toll free: (877) 772-0205; 
www.phdaedal.com/ tblf; ddl007@parker.com. 

Parker Hannifin Corporation, 
Daedal Division 

For Free Info Circle No. 621 or 
Enter No. 621 at www.nasatech.com/rs 


UNCOVER 
THE SIMPLEST 
ANSWERS TO 
MAKE THE 
MOST PRECISE 
INVESTMENT 
CASTINGS. 


INVESTMENT 
CASTINGS 

Since 1948, EPCO has pro- 
duced ferrous and non- 
ferrous investment cast- 
ings for the aerospace/ 
defense, medical, valve 
8c pump, and countless 
other demanding appli- 
cations. Our brochure 
describes our company 
and highlights the rea- 
sons behind the success of EPCO’s high integrity, 
close tolerance casting technology. Find out how to 
get the most out of investment castings by contact- 
ing us by e-mail: epco@aol.com. 

EPCO 

For Free Info Circle No. 622 or 
Enter No. 622 at www.nasatech.com/rs 


PRECISION SLIDES 
AND STAGES 

Precision UniSlide stages, 
XY, and rotary tables. Useful 
for positioning a gauge, sen- 
sor, cutter, or transducer. 
Width range from 1-1/2” to 
9"; lengths up to 90". Over 
950 models. Modular design 
makes XYZ0 combinations 
easy. Use our stock-designed components to make 
semi-custom fixtures and reduce costs. For more 
information, see www.velmex.com or call 800-642- 
6446 or 716-657-6151. 


Velmex 

For Free Info Circle No. 623 or 
Enter No. 623 at www.nasatech.com/rs 




FLUXGATE 
MAGNETOMETERS 

Color brochure highlights 
Walker’s fluxgate magne- 
tometers. 11 models to 
choose from, designed to 
measure magnetic fields 
from 0.01 milligauss (InT) to 
2 gauss; accuracy of 0.5% and 
linearity of 0.02% with analog/RS232 output of DC 
— 400Hz. Applications include solenoid/helmholtz 
system calibration, package inspection (FAA/IATA 
regulations), field mapping and shielding effective- 
ness. Walker Scientific Inc., Rockdale St., Worcester, 
MA 01606; Tel: 800-962-4638 or 508-852-3674; Fax: 
508-856-9931; www.walkerscientific.com 

Walker Scientific Inc. 

For Free Info Circle No. 624 or 
Enter No. 624 at www.nasatech.com/rs 
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